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MINUTES MEETINGS. 


THE SOCIETY. 


January 4th, meeting was called order 20.40 
James Owen, Director, the chair; Charles Warren Hunt, 
Secretary, and present also members and guests. 


The minutes the meetings December 7th and 21st, 1898, were 
approved printed Proceedings for December, 1898. 


paper Julius Kahn, Jun. Am. Soe. E., entitled The Coal 
Hoists the Calumet and Hecla Mining Company,” was presented 


the author, and discussed orally Messrs. George Hill, Coffin, 
Marstrand and the author. 
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MINUTES MEETINGS. [Society 


Ballots were canvassed, and the following candidates declared 
elected: 
MEMBERS: 


CARROLL Barr, Pittsburg, Pa. 
Harry Clinton, Mass. 
Gratz Brown Broadwater, Va. 


The Secretary announced the election January 3d, 1899, the 
Board Direction, the following candidates: 


JUNIORS: 


Harris Connick, Eureka, Cal. 
Harrison Detroit, Mich. 
Jr., Wilmington, Del. 
Chicago, 


The Secretary announced the death 
elected Member February 21st, 1872; died December 24th, 1898. 

The Secretary read the programme for the Forty-sixth Annual 
Meeting. 


Adjourned. 


ANNUAL MEETING.* 


January 18th, 1899.—The meeting was called 
President Alphonse Fteley the chair; Charles Warren Hunt, Secre- 
tary, and present, also, 248 members and visitors. 

Messrs. George Rice and Kelley were appointed tellers 
canvass the ballots for officers for the ensuing year. 

The minutes the meeting January 4th, 1899, were read 
the Secretary. 

The Annual Report} the Board Direction for the year ending 
December 31st, 1898, and the Annual Reports the Treasurer, the 
Secretary, and the Finance Committee, were presented, and, motion, 
duly seconded, accepted. 

The Secretary read the report the Committee the 
Award Prizes, and the action the Board Direction regard 
thereto, follows: 


full report the Forty-sixth Annual Meeting will published subsequent 
number Proceedings. 


pages for the Annual Reports the Board Direction, the Treasurer, 
the Secretary, and the Finance Committee. 
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Report Committee Recommend Award Prizes. 


New DECEMBER 1898. 
the Board Direction the 


GENTLEMEN:—The Committee appointed accordance with the 
rules governing the award prizes for papers published the 
actions during the year ending July 1898, herewith submit the 
following report and recommendations: 

First.—That the Norman Medal awarded Thomas, 
Am. E., for his paper Movable Dams.” 

Second.—That the Thomas Fitch Rowland Prize awarded 
Henry Goldmark, Am. Soc. E., for his paper The Power 
Plant, Pipe Line and Dam the Pioneer Electric Power Company 
Ogden, 

Third.—That award made the case the Collingwood 
Prize, inasmuch the only paper submitted Junior Member 
the Society was not, the opinion the Committee, such char- 
acter fulfill the conditions proposed Mr. Collingwood. 

Very respectfully, 
Cuas. 
SHANKLAND, 
Evans, 


— 


The Secretary presented the following resolution the Board 
Direction: 

motion, duly seconded, was resolved that the Norman 
Medal and the Thomas Fitch Rowland Prize awarded accordance 
with the recommendation the Committee and that the 
dation the Committee, that award the Collingwood Prize for 

George Swain, Am. Soc. E., Chairman of. the Committee 
the Proper Manipulation Tests Cement, presented the report 
that Committee.* 

motion, duly seconded, was ordered that the report ac- 
cepted and placed file, and that the Committee continued. 

The Secretary read letter from Sandford Fleming, Am. Soc. 
E., Chairman the Committee Uniform Standard Time. 


After discussion, the following resolution was offered 
O’Rourke, Am. E.: 


Resolved: That the Committee Uniform Standard Time re- 
quested make final report the Society the next Convention. 


The resolution was adopted. 


*See Proceedings, Vol. xxiv, 192. 
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MINUTES MEETINGS. [Society 


Corthell, Am. E., addressed the meeting the 
Establishment International Institute Engineers.” 

After discussion, the following resolution was offered Mr. Cor- 
thell: 

Resolved: That the matter the establishment International 
Institute referred the Board Direction. 

The resolution was adopted. 

The Secretary read letter from Mr. Willard Smith, Director 
Civil Engineering and Transportation the United States Commis- 
sion the Paris Exposition 1900, reference the co-operation 
the Society with the Commission the matter Engineering 
Exhibit that Exposition. 

Mr. Smith subsequently addressed the meeting and explained the 
objects and desires the Commission. 

motion Foster Crowell, Am. Soc. E., duly seconded, 
was voted that the matter referred the Board Direction. 

The following resolution was presented Prout, Am. 
Soc. E.: 


Whereas: The use the system the notices the 
Society has not accomplished, and not likely accomplish, the end 
for which was adopted, and tends create confusion and sometimes 
ridicule even among members this who have been familiar 
with for some years, 

Resolved: That the sense this meeting that the use 
this system should discontinued, this can accomplished with- 
out discourtesy its former advocates, and 

further Resolved: That the Board Direction requested 
order its discontinuance the official publications the Society, 
whenever, its jadgment, the above condition exists. 


After discussion, was moved George Morison, Am. Soc. 
E., that the subject referred the Board Direction report 
the Society the next Annual Meeting. 

Theodore Cooper, Am. Soc. E., moved amendment that the 
matter laid the table. 

The amendment was carried. 

The following resolution was offered Thompson, Am. 
Soc. E.: 


consideration the fact, that the engineering profession and 
the people this country have legal protection against any in- 
competent unscrupulous person who chooses advertise sign 
himself with the title Civil Engineer, thereby reflecting upon and 
injuring the entire profession; and 

consideration the fact that has been found advantageous 
most States grant legal protection members the legal and 
medical professions; 


Therefore Resolved: That the sense this meeting (the 
Annual Meeting the American Society Civil Engineers) that 
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Affairs. MINUTES MEETINGS. 


judicious legal restrictions against the unauthorized and improper use 
the title Civil Engineer are desirable. 
motion, duly seconded, the resolution was laid upon the table. 
The Secretary read letter from John Thomson, Am. Soe. E., 
President the Engineers’ Club, New York City, inviting the mem- 


bers the Society visit the House the Engineers’ Club, 374 Fifth 


Avenue, and extending them the privileges the club. 

Francis Collingwood, Am. Soc. E., addressed the meeting 
the subject the Collingwood Prize for Juniors, and offered the fol- 
lowing resolution: 


Resolved: That the Board Direction that 
steps taken for holding meetings the Juniors the Society for 
the reading and discussion papers. 


The resolution was carried. 


The Secretary announced the death the following members: 
elected Member, September 2d, 1885; died Janu- 


ary 9th, 1899. elected Member, March 2d, 1892; died 
January 12th, 1899. 


The following report was then presented: 


Report the Tellers Appointed Count the Vote for Officers, 
January 18th, 


JANUARY 1899. 


The tellers appointed canvass the ballots for officers the 
Society respectfully report that they have performed the duties 
assigned them, and the count follows: 


For President: 
For Vice-Presidents: 


For Treasurer: 
John Thomson 
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MINUTES MEETINGS. [Society 
For Directors: 
James Schuyler ...... 461 


Tellers. 


The President announced that the following officers ‘were elected: 


President, serve one year: 


Boston, Mass. 


Vice-Presidents, serve two years: 


St. Louis, Mo. 


New York City. 


Directors, serve three years: 


Treasurer, serve one year: 

District No. New York City. 

District No. 1.—C. New York City. 
District No. New York City. 
District No. Turner, Boston, Mass. 


District No. Los Angeles, Cal. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


January 3d, 1899.—President Alphonse Fteley the chair, Chas. 
Warren Hunt, Secretary, and present, also, Messrs. Deyo, Hering, 
Just, Morison, Owen, See and Thomson. 

was taken regard members arrears for dues. 

report the Board Direction for the year ending December 
1898, was adopted. 

The recommendation the Committee appointed 
the award the Norman Medal, the Thomas Fitch Rowland Prize and 
the Collingwood Prize for Juniors was presented, and was resolved 
that the Norman Medal and the Thomas Fitch Rowland Prize 
awarded accordance with the recommendation the Committee, 
and that the recommendation that award made the Colling- 
wood Prize for Juniors approved (see page 3). 

The resignations the following were presented and accepted: 
Members—Daniel MeNeill Currie, Edward Daniel Meier, William Her- 
bert Baker, Samuel Minot. Member: Emerick Adolph 
Werner. Associate: Clayton Colman Hall. Juniors: Benjamin 
Coulson, Frederick Luke Douglas. 

The Secretary reported the programme full, arranged the 
Committee appointed the Board Direction take the 
Annual Meeting. 

Six candidates for Junior were elected (see page 2). 


Applications were considered and other routine business trans- 
acted. 


Adjourned. 
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ANNOUNCEMENTS. [Society 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House and Library the Society are open every day, except Sun- 


MEETINGS. 


Wednesday, February 1899.—At 20.30 o’clock regular méet- 
ing will held, which paper John Hill, Am. 
E., entitled Accuracy and Durability Water Meters,” 
will presented. printed this number Proceedings. 


Wednesday, February 15th, 1899.—-At 20.30 o’clock regular 
meeting will held, which paper Corthell, Am. 
Soc. E., entitled Approaches and Transportation Facilities 
the Paris Exposition 1900,” will presented. published 
this number Proceedings. 


DISCUSSIONS. 


Discussion the paper Julius Kahn, Jun. Am. Soc. E., 
entitled Coal Hoists the Calumet and Hecla Mining Com- 
pany,” which was presented the meeting January 4th, 1899, 
will closed February 15th, 1899. 


w 


Affairs.] ANNUAL REPORTS. 


ANNUAL REPORT THE BOARD DIRECTION FOR THE 


YEAR ENDING DECEMBER 1898. 


PRESENTED THE ANNUAL MEETING, JANUARY 18TH, 1899. 


compliance with the provisions the Constitution the So- 


ciety, the Board Direction presents its report for the year ending 
December 1898. 


MEMBERSHIP. 


The changes membership are shown the following table: 


| o 
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Associate Members, Associate, Juniors. All Juniors. 


will seen the table that the net increase during the year 
was 44, 
The total number applications received during the year was 222. 
Action has been taken follows: 


Passed ballot Associate Members.............. 


Applications now awaiting action....... 
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ANNUAL REPORTS [Society 


The losses death during the year number 29. They are fol- 
lows: 

Twenty-one Members: Thomas Sparks Bishop, Francisco Javier 
Cisneros, Frank Doran, Charles Edward Emery, Burr Kellogg Field, 
Henry Flad, James Francis, Ignacio Garfias, Philip Golay, Sir Casimir 
Stanislaus Gzowski, Randell Hunt, Edward Marsland, Rowland 
Robinson Minturn, Charles Edward Newham, Joseph Curtis Platt, 
Edward Curtis Rice, Frederick Henry Smith, William Starke Rosecrans, 
Pedro José Sosa, David William Wellman, William Garnett Williamson. 

One Associate Member: William Ulysses Scott. 

Two Juniors: Charles Francis Parker, William Noyes Taintor. 

Three Fellows: John Bridgford, Stephen Harrison, John 
Toucey. 

Two Subscribers: Henry Payne, Stranahan. 


The following sums have been expended upon the Library during 
the year: 


Material for New Index, 
$141.08 


The additions the Library from all sources have been: 


Maps, photographs and 

The present number titles the Library is. 161 


Since December 16th, 1897, the House the Society has been open 
every day, except Sundays, between the hours and o’clock. 
Sundays the hours for opening have been from o’clock. 

The resulting attendance has been gratifying. 

During 1898 the total attendance was 401, and the total attend- 
ance the Reading-Room 696, 39% the latter being between the 
hours and o’clock. These figures are exclusive the attend- 
ance meetings. 
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Vs 


240 
161 


end- 
the 


The attendance the Reading-Room shows increase 91% 
over that 1897. 

During the year much attention has been given complete 
reclassification and indexing the Library. This work, which 
well under way, will require considerable time for its completion. 
has, however, been taken general lines classification, 
that each section may finished its turn and complete 
itself. 

The new index for the largest section the Library, that Rail- 
roads, which now contains 106 titles, nearly complete, the total 
number cards required for being 060. 

the hope your Board that arrangements may perfected 
the near future which will enable non-resident members derive 
some direct benefit from the Library, and the work above outlined 
necessary preliminary step for the attainment that object. The 
impossibility making the Library circulating one well under- 
stood, but believed that plan can soon formulated which 
members may secure, through the Secretary, information the 
contents the Library any particular line investigation; that 
the usefulness this large collection engineering works will thus 
much increased, and that such service will appreciated those 
who are unable consult the Library person. 


the last report your Board the statement was made its con- 
fidence that the permanent loan would fixed not more than 
$90 000. 

During the year final payments have been made, and state- 
ments giving detail the cost the House were published reports 
the Committee New Society House, and the Finance Com- 

From the latter will seen that the permanent loan has been 
fixed $85 000, which loan has been secured rate interest 
per cent. 

indicative the sound financial condition the Society, your 
Board desires emphasize the fact that, during the building the 
House, has been possible devote the purposes the building 
about $33 000 from the income the Society, without curtailing nec- 
essary expenditures other directions, 

That the new quarters are appreciated the membership evi- 
denced the increased attendance during the year, which attention 


has already been called, well the increased attendance 
meetings. 


Proceedings, vol. xxiv, Nov., 1898, pages 180 and 
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ANNUAL REPORTS. [Society 


PUBLICATIONS. 


The following tables give detail summary the publications 
issued during the year: 


Total edition 


Number each Number 
issued. Number. Pages. Plates. Cuts. 
Constitution and List 


The cost publications has been: 


For Paper, Printing, Binding, etc., Transactions and Pro- 


For Copyright and sundry expenses publica- 

For 400 extra copies papers and memoirs........... 761.75 
For reprinting one early paper 


For time officers and clerks charged publications. 916.38 


Deduct amount received for advertisements... 449.00 
Deduct amount received for sale publica- 


Net cost publications for 1897 Report Board 


Includes Indexes and Tables Contents. 
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ANNUAL REPORTS. 


MEETINGS. 


The Annual Meeting held the House the Society, January 19th 
and 20th, 1898, was attended 242 members and number guests. 

The attendance the Thirtieth Annual Convention held 
Detroit, Mich., July 26th 29th, 1898, inclusive, was the largest 
record, 234 members and 329 guests having registered. 

Nineteen regular semi-monthly meetings and one special meeting 
have been held, which the average attendance was 115, increase 
30% over the meetings held during 1897. 

Twenty-one formal papers were presented for discussion during 
the year. the oral discussion these papers persons took part, 
and correspondence from 132 persons was presented. 

Three the regular meeting nights were devoted informal 
topical discussions, two evenings being used for discussion 
and one Building Laws.” The result the 
former discussion has nearly all been printed Proceedings, and will 
collated and published the next volume 


Total number old style badges issued...... 


1051 
1008 
Number present style badges issued December 
Number present style badges issued during 116 
627 
Total badges issued December 31st, 1898. 635 


MEDALS AND 


The Norman Medal for the year ending with the month July, 
1897, was awarded Julius Baier, Assoc. Am. E., for his 
paper, entitled Wind Pressures the St. Louis Tornado, with Special 
Reference the Necessity Wind Bracing for High 

The Thomas Fitch Rowland Prize for the year terminating Decem- 
ber 31st, 1897, was awarded Arthur Adams, Am. E., 
for his paper, entitled The Astoria City Water-Works.” 


award the Collingward Prize for Juniors was made during 
the year. 
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ANNUAL REPORTS. [Society 


The reports the Secretary, Treasurer and the Finance Com- 


mittee are appended. 
order the Board Direction. 


CHAS. WARREN HUNT, 
Secretary. 
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REPORT THE TREASURER. 


compliance with the provision the Constitution, the Treas- 


urer presents the following report for the year ending December 31st, 
1898: 


Balance hand December 31st, 


Receipts from current sources, January De- 
cember 31st, 1898 


Received from subscriptions New Society House. 105.00 
Received from sale Historical Sketch........... 410.00 
Received mortgage, New 000.00 


Payment audited vouchers for cur- 

rent business, January De- 

Payment audited vouchers, extra- 

ordinary expenses, January Ist 

December 1898 274.73 
‘Balance hand December 31st, 1898: 

Union Trust Com- 


$381.66 
Garfield National 
hands the Treas- 


Respectfully submitted, 


JOHN THOMSON, 


Treasurer, Am. Soc. 
New York, January 13th, 1899. 
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ANNUAL REPORTS. [Society 


REPORT THE SECRETARY FOR THE 


GENTLEMEN,—I have the honor present the following statement 
ending December 1898. 


Balance hand December 31st, 1897, Bank 
and Trust Company and the hands the 


New Society House (Subscriptions)............. 
Loan from Mutual Life Insurance 000.00 

Sale Historical 410.00 


$73 


} 


YEAR ENDING DECEMBER 1898. 


Receipts and Disbursements for the fiscal year the Society, 


General Printing and 231.86 
Commission 84.73 
House Supplies and 151 
Insurance and Safe 139 
Norman Medal, Rowland and Collingwood Prizes. ....... 
New Society House: 
contract for New House, Builder and 
Extra Contract, Plumbing............. 
224.73 
Balance Garfield National Bank.............. 


$73 425.54 
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ANNUAL REPORTS. [Society 


The compensation paid each person the service the Society 


during the past year stated below, and also the several accounts 
which these payments have been distributed: 
Chas. Warren Hunt, Secretary, January December 
Finance and Accounts .......... 515.00 
John Thomson, Treasurer, January Decem- 
ber 31st, 1898. 
McMinn, Assistant Secretary, January Ist Decem- 
Finance and 10.00 
Eleanor Frick, Assistant Librarian, January De- 
cember 31st, 1898. 
Angell, Assistant Librarian, January 1st December 
1898. 
Williams, Assistant Librarian, November 10th De- 
cember 31st, 1898. 
Burke, Clerk, January December 31st, 1898. 
Mullen, Stenographer and Typewriter, January Ist 
December 31st, 1898. 
Charged Current $900 .00 
Huckell, Accountant, April 13th December 31st, 
Charged Current Business .00 
Finance and Accounts............ 


ANNUAL REPORTS. 


Walter Brown, Accountant, January March 5th, 
1898 


Charged Current Business............... $33 .36 
Finance and Accounts 

Bemis, Accountant, March 14th April 12th, 1898. 
Charged Finance and Accounts 


Hankinson, Office Assistant, May 14th June 
1898. 


Cable, Office Assistant, September 12th November 
30th, 1898. 


Charged Publications 


Rood, Office Assistant, December 1st December 
31st, 1898. 


Charged Publications 


Frank Harrold, Janitor, January December 
1898. 


Charged 


Joseph Michelsen, Janitor’s Assistant, January De- 
cember 31st, 1898. 
Charged 


Charles Mayer, Office Boy, January December 
1898. 


Charged Current Business 


Louis Gloor, Office Boy, January December 31st, 
1898. 


Charged Current 


Fred. Hagenbucher, Office Boy, January 1st September 
30th, 1898. 


Charged Current Business 


Percy Harrold, Hall Boy, October 1st December 31st, 
1898. 


Charged Current Business.......... 


Total Compensation paid ..... 


$141.97 
141.97 


ANNUAL REPORTS. [Society 


$12 826.19 


Respectfully submitted. 


CHAS. WARREN HUNT, 
Secretary. 


REPORT THE FINANCE COMMITTEE. 


The Finance Committee begs leave submit the following report: 

has audited all bills paid during the year, and has found that 
the amount each has been properly charged. 

The accounts and financial books the Society have been exam- 
ined monthly Expert Accountant, and certified correct. 

The Committee refers its report the Board Direction (see 
Proceedings for November, 1898, Vol. XXIV, page 182), for the details 
payments made account the New Society House, and the 
sources from which the funds necessary for this purpose were de- 
rived, and the report the Secretary for details receipts and 
expenditures during the year. 

HORACE SEE, 


Chairman. 


New January 4th, 
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LIST MEMBERS. 


ADDITIONS. 
WILLIAM........ Fidelity Bldg., Pittsburg, 
ALFRED 204 Carondelet St., New Or- 
Univ. Wisconsin, Madi- 
Kunz, CHARLES ........ Bridge Const. 
Dept., Pencoyd Assoc. 
Pencoyd, Pa... 
ALFRED CLARENCE........ Spartanburg, Jun. 
Marc With Keepers Thacher, 


ASSOCIATE MEMBERS. 


JOSEPH Box 520, Pittsburg, Pa. 
WERNER, 120 Liberty St., 
New York City. Assoc. 
Detroit, Mich. 
Henry LLEWELLYN........ 166 Devonshire St., Boston, 
JOHNSON....... Haskell Ave., Clinton, 
Asa Asst. Eng., Eng. 
Dept., C., Jun. 
Washington, Assoc. 
Fairview Village, Montgom- 
Jun 


Date 
Membership. 


Dec. 1898 


Dec. 1898 


Nov. 1898 


Feb. 1895 
Dec. 1898 


Apr. 30, 1895 
Nov. 1898 


Dec, 1898 


Jan. 
Mar. 
Dec. 
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1899 
1897 
Oct. 1898 
Oct. 1898 
Dec. 1898 
Jan. 1899 


LIST MEMBERS—ADDITIONS. 


JUNIORS. 

Oct. 1898 
ALEXANDER SIMPSON..... 147 South 5th St., Brooklyn, 

GEORGE HARRISON...... Water Office, Detroit, Mich.. Jan. 1899 

GREGORY, JOHN HERBERT......... Lumber District, Albany, 

Asst. Eng., New East River 

Bridge, 117 East 59th St., 

New York Dec. 1898 
ARTHUR WIRT..... ....102 Second St., Troy, Y.. Sept. 1898 


GEORGE, Wilmington, Del..... Jan. 1899 


changes and corrections the addresses Members are not published 
this number Proceedings for the reason that they will appear the new List 
Members, soon issued. 
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AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852, 


PAPERS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


The Accuracy and Durability Water Meters. PAGE 


The and Transportation Facilities the Paris Exposition 


THE ACCURACY AND DURABILITY WATER 
METERS. 


the misguided suffrage his fellow citizens, the author hap- 
pens Trustee Water-Works Wyoming, one the suburbs 
Cincinnati, and among other tasks which have fallen him 
this capacity has been examination water meters adapted for 
use small water-works. 

The primary question discussed was the relative value 
high and low-priced meters for water measurement domestic ser- 
vice pipes; next, the precision registry the different kinds 
makes meters, with widely varying rates delivery; and, finally, 
the loss pressure passing different quantities water through the 
meters given length time. The unit time has been taken 
one hour, and the delivery the meter stated gallons. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 


sent mail the Secretary. The papers with discussion full will published the 
volumes Transactions. 


> 
4 
Be 
| 
eo 
\ = 
~ 
va 


HILL TESTS WATER METERS. [Papers. 


Seventeen different meters were examined, follows: 

The Worthington meter, from Henry Worthington, New York City. 

The Union Rotary and Columbia meters, from The Union Water 
Meter Company, Worcester, Mass. 

The Crown, Empire and Nash meters, from the National Meter 
Company, New York City. 

The Hersey and Hersey meters, from the Hersey Manufactur- 
ing Company, Boston, Mass. 

The Lambert (Bee) meter, from The Thomson Meter Company, 
Brooklyn, 

The Trident meter, which several were purchased the 
Village Water-Works, 1896. 

The Niagara meter, from The Buffalo Meter Company, Buffalo, 

The Pittsburg meter (two styles), from the Pittsburg Meter 
Company, East Pittsburg, Pa. 

The Standard meter, from The Standard Meter Company 
New York City. 

this list the Worthington, Union Rotary, Crown, Empire and 
Hersey are so-called piston meters; the Nash, Hersey Disc, Lam- 
bert, Trident, Niagara, Pittsburg and Standard are disc meters, and 
the Columbia velocity inferential meter. 

While the original object this investigation was information for 
the guidance the trustees the village water-works the selection 
meters for local use, has occurred the author that the data may 
interest others connected with the management public water- 
works. Incidentally, may some interest the manufacturers 
meters, and may possibly lead the correction defects which 
were manifested some the meters when tested small streams. 

The tests were made under the ordinary conditions service 
residence, the service pipe being with the meters 
singly, and flow through the pipe for domestic uses being per- 
mitted while meter was under test. 

The static pressure the service pipe varied from 106 
lbs., the main the street front the building where the tests 
were conducted serving rising main the reservoir during the 
day when the pumps were running, and supply main from the 
reservoir night when the pumps were stopped, the pressure .thus 
being highest during the day. 
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The distance from the 10-in. cast-iron main the meter, measured 
along the iron supply pipe, was about 107 ft., and there were 
five bends. The supply was taken through ordinary galvan- 
ized iron pipe measuring in., internal diameter, with gas-pipe fit- 
tings. effort was made accommodate the meters the arrange- 
ment the pipe, the condition desired being nearly possible like 
that meter placed the line domestic service pipe. The 
varying rates discharge were obtained placing the short piece 
pipe attached the outlet connection the meter, brass 
dises, 0.0265 in. thick, with central perforations ranging from in. 


in. diameter. The were held against thin rubber gasket ina 


brass union recessed shown The flow water the 


meter was controlled lever stop-cock the supply pipe below 
the pressure-gauge. During each test the stop-cock was set full 


PIPE PRESSURE GAUGE— 


34 GAS PIPE 


BRASS METER 


DISCHARGE PIPE AND STANDARD ORIFICE. 


opening, and the flow water through the meter controlled en- 
tirely the standard orifice the discharge pipe. Before any test 
was started, the meter was run for some time full opening work 
out the air. The Worthington was the only meter provided with 
means for blowing the air out the cylinders when started. 

The apparatus used for the measurement the discharge and the 
indication the pressures the inlet and outlet pipes the meter 
shown Fig. The cask the platform scale had capacity 
cu. ft., and the scale beam was graduated half pounds. hang- 
ing the sliding poise the saw-teeth the beam, weights quarter 
pounds could noted. 

The results the tests the meters different rates delivery 
are given Table No. first, for each the piston meters; next, for 
the meters, and, finally, for the velocity inferential meter. 
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all cases the meter was brought the zero point the ft. 
dial, the tare the measuring cask taken, and from cu. ft. 
water drawn through the meter and caught the cask. The net 
contents the cask were reduced cubic feet for observed tempera- 
ture water, and the discharge, noted tank measurement, di- 
vided the difference meter reading, e., the discharge in- 
dicated the meter. 


Order Test, 13. 


TABLE No. 
Piston METERS. 
Order Test, 15. 
tests. pounds. per hour. meter. tank. meter. degrees. 
| q 5. 
87.77 10.82 1.000 0.9064 0.9064 
1898. 
Order Test, 10. 
21.38 913.52 5.000 5.1889 1.0878 
Meter work with this orifice. 
2 
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Disc METERS. 


Order Test, 


tests. inches.| pounds.| hour. meter. tank. meter. degrees. 
22.83 933.14 | 5.333 5.3603 1.0050 57 
4 70.00 573.79 5.000 5.0000 1.0000 58 
3 92.78 | 172.70 4.000 4.0300 1.0076 60 
Ys 95.92 | 44.77 | 3.000 | 3.0191 1.0063 61 


Order Test, 


74.00 
1 

90.22 


Order Test, 


Merer, No. 68629. 4TH 


AND 1898. 


1898. 


Order Test, 


89.10 
90.55 


Order Test, 


87.87 
as 89.77 


No. 180. OcToBER 6TH 
AND 7TH, 1898. 


Order Test, 


)cTo- 
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AND 1898. 
Order Test, 


tests. pounds. per hour. meter. tank. meter. degrees 
65.75 548.74 5.000 5.0333 1.0067 


AND 1898. 
Order Test, 11. 


65.00 557.06 5.000 4.9649 
90.6 170.71 3.000 2.9520 0.9842 


1898. 
Order Test, 12. 


1898. 
Order Test, 16. 
Meter refused work with this orifice. 


1898. 
Order Test, 17. 


Upon next test with orifice the meter stuck. 
The gear-train probably binds top case. 


INFERENTIAL METER. 


AND 1898. 
Order Test, 14. 


67.00 511.99 5.000 


| 
1 
1 
If 
1.0079 
1.0127 58 
1.0240 58 
0.9508 
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Considering the accuracy small water meters, the author was 
surprised the trifling variation errors registry for rates dis- 
charge, varying some examples Thus, the Empire 
meter, during tests, with range delivery from varied 
from minus error plus error 0.23%, with average 
error 0.18 per cent. The Nash meter, with discharge varying 
from exhibited during the tests maximum error 
and minimum error 0.04%, with average error 
registry 0.38 per cent. These were new meters. The Crown meter 
had passed 500 cu. ft. water prior the test, but, under the usual 
conditions meter service, this should have had apparent effect 
its accuracy. This meter showed maximum error 9.45%, 
and least error with average error for tests 
6.28 per cent. The Hersey disc meter, for tests, with range 
and minimum error 0.25 per cent. The Trident 
meter, No. for tests, gave maximum error 4.27%, 
minimum error 0.04%, and average error 0.73 per cent. 
Table No. shows the errors all the meters tested. 


TABLE No. 2.—Comparison Errors REGISTRY. 


ERROR. 
Order Number 
test. Meter. tests. 
Maximum. Minimum. Average. 
Piston 
Disc 
INFERENTIAL METER. 
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| 
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error stated plus when the registry the meter was 
greater than the actual quantity water delivered, and minus when 
the quantity water delivered exceeded the registry the meter. 
Certain meters, while quite accurate with ordinary rates 
draught, were incapable measuring the smaller discharges, and 
these smaller discharges more nearly resemble the leakage domestic 
plumbing, which, with the meter system water measurement, the 
average householder will prompt correct the interest 
domestic economy. 
This inquiry was undertaken altogether from practical point 
view, and the author has doubt that certain meters which did not 
show quite good results other meters may just reliable in- 
struments for the ordinary measurement water supplied through 
service pipes. 
Apart from any refinements water measuremeut which may 
shown these and former tests meters, one cannot neglect the 
important fact that, however precise the instrument may under 
test, must constructed such principles and such manner 
will guarantee its durability and continued proper working through 
years time; and should very gratifying all interested the 
use meters that those meters, which these tests have shown the 
greatest precision measurement, also have demonstrated their 
capacity operate for generation longer daily service, and 
still condition satisfactorily approximate the quantity 
water which passed through them. 
general proposition, only two three the meters fell 
low the author’s esteem make them doubtful devices for the 
measurement water; but any meter represented these tests (if 
not damaged use) superior the prevailing mode charging 
for water the premises. long many consumers 
water from the public mains are wasting much they use, 
while others are using less than half what they pay for, any water 
meter that will work with all streams, and indicate the actual 
quantity water passed within 5%, will meet all present 
requirements. When water meters, they should be, used 
measure every gallon water taken for consumption from the 

public mains, then the refinements meter measurement can 
safely discussed. 
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APPARATUS FOR TESTING 
WATER METERS. 


” 
22 MERCURY MANOMETER 
H POR PRESSURES UNDER 10 LBS. 


600 LBS. PLATFORM SCALE. 
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STANDARD DISCS. 


MEASURING CASK 
HOLDING 7 CU. FT. 
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TABLE No. 3.—Comparison AND Boston 


1898. 


[Papers. 


Boston 1887-88. 


| 
Diameter Ratio Discharge, 


tank 
orifice. pounds. 


meter. 


gallons 


per hour. 


tank 
meter. 


gallons 
orifice. pounds. 


per hour. 


§-in. Crown, No. 187 595. 


69.66 1.0392 546.31 


Empire, No. 191 159. 


1.0058 
58.50 1.0028 503.90 
0.9977 167.44 
88.95 0.9943 
in. Hersey Rotary, No. 617. 
1.0378 
68 .66 1.0340 559.95 
92.81 0.9947 
Union, No. 225. 
0.9967 
0.9942 581.90 
0.9786 178.06 
0.9840 
10.88 
§-in. Worthington, No. 100 020. 
92.47 0.9885 172.25 


3-in. Crown, No. 


0.9902 

.15-in... 45.5 1.0021 184.01 

8.53 
Empire, No. 075. 

18.5 1.0112 081.61 
41 0.9971 439 
184.01 
8.53 
3-in. Hersey Rotary, No. 448. 

0.9707 188.49 
Union, No. 816. 
175.08 
8.8471 


3-in. Worthington, No. 990. 


0.8848 22.89 
8.98 


The perfect meter the future, and doubtless will contain the 
principle laid down John Thomson, Am, but, 
meanwhile, one justified rejecting the modern displacement 
meter, device for the measurement water, upon the theory that 


Diameter Ratio Discharge, 


not sufficiently accurate for all practical purposes. 


Water meters are not made, and should not rated, like Jurgen- 
watches, and errors much excesss those mentioned are ad- 
missible practice without indicating that the water meter 
faulty machine for its purpose. 


down. 


Memoir Water Transactions, Am. Soc. E., Vol. xxv, 65. 


his excellent paper water 
meters, Mr. Thomson states that errors should not con- 
demn water meter, and the author can accept this approach ac- 
curacy measurement provided quite sure that the variations 
the meter from the true discharge not exceed the limits laid 
these and other tests water meters which the author 
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has made, the errors sometimes considerably beyond 7%, and 
thus raise doubt the general accuracy these devices for the 
measurement the widely varying streams which flow through 
domestic service pipes. 

Perhaps the most elaborate tests water meters ever made were 
conducted under the auspices the Boston Water Board, during 
1887-88, and, curiously enough, the meters tested there, only 
five six, within the author’s knowledge, are now offered the 
market. matter interest the five meters tested, both 
Boston and Wyoming, are brought together for the nearest concord- 
ant discharges Table No. 

The errors registry for these meters these tests were fol- 
lows: 


Boston 


Minimum. Average. Minimum.| Average. 


0.86 0.23 0.18 32.39 1.29 8.10 


| 
| 


During the time the meters were being tested the author for 
accuracy different rates discharge, the pressures were taken only 
the inlet side the meter. Subsequently the pipes were arranged, 
shown Fig. take pressures both sides the meter. Dur- 
ing these tests, the standard orifices were used the discharge pipe, 
and pressures under lbs. were taken the mercury piezometer 
shown Fig. 

careful review Table No. and Table No. giving the re- 
duced discharges with meters connected the test apparatus, 
indicates that the disc meters consumed less the static head the 
service pipe, and therefore realized larger percentage reduced 
capacity than the piston inferential meters. the meter can 
shown durable service, and other respects equal 
the piston and inferential meters, entitled first place the 
types water meters. The author’s tests were not made show the 
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durability water meters, but, from authentic data placed his 
hands for professional purposes city water department, 
led the conclusion that the present disc meter (if not all 
examples present) can made durable the other types 
meters; and this opinion well founded, must become the 
standard water meters for domestic uses. 


TABLE No. 5—Loss METER. 


Meter. pounds, pounds, loss loss 
inches inlet. head. head. 
Piston METERs. 
29.00 4.69 83.81 
§-in. Worthington, No. 100 60.50 50.50 10.00 16.53 
85.00 84.00 1.00 1.18 
4.79 24.96 83.90 
Crown, No. 68.50 57.00 11.50 16.79 
Hersey, No. 67.50 59.50 8.00 11.85 
91.00 90.00 1.00 1.10 
27.50 4.17 23.33 84.84 
in. Empire, No. 191 58.25 14.65 
17.50 4.88 12.62 
Union Rotary, No. 225... 61.00 56.00 5.00 8.20 
85.00 84.25 0.75 0.88 
Disc 
( 4 | 21.00 5.40 | 15.60 74.29 
Nash, No. 191 160........... 66.00 59.50 6.50 9.85 
90.75 90.00 0.88 
Hersey, No. 69.00 57.50 11.50 16.66 
91.50 90.50 1.00 
22.50 4.98 17.52 
§-in. Trident, No. 176......... 67.00 59.00 8.00 
21.00 4.66 16.33 
20.00 5.28 14,72 73.60 
Pittsburg, No. 67.00 60.50 6.50 9.70 
20.50 5.57 72.80 
g-in. Lambert, No. 121 795........ 2 61.50 54.00 7.50 | 12.19 
INFERENTIAL METER. 


Losses head with and orifices not measurable the gauges used. 


not apparent the author why meter should sub- 
ject more rapid wear than piston meter, nor why should less 
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convenient more expensivetorepair. may betrue that the rotary 

piston meters, when leakage becomes great demand repair, can 
taken apart and the piston box ground down reduced depth 
until the vertical play the piston greater than new meter; 
but the cost doing this—at least with small meters—will much 
more than the cost replacing worn-out disc. the pistons 
the piston meters wear sufficiently the displacement surfaces 
render the registry unreliable, then new pistons become necessary, the 
cost which will much greater than new for the meters. 
The loss head and reduced discharge house taps the 
introduction water meters may some instances serious draw- 
back, especially when the consumption should times quite equal 
the capacity the service pipe. Upon the other hand, may 
urged that the small difference time required fill 
tank, bath tub other domestic convenience, can constitute serious 
objection the slower meters; but the event water being 
through meters for domestic fire protection, then the loss pressure 
and capacity becomes very serious objection. Such condition 
connection with does not often arise, but 


entitled some consideration, and manufacturers.should strive 


the pressure the service pipe, while the water passing through 
the meter and moving the working parts. 


After the tests for accuracy registry with the different rates 
discharge, the apparatus shown Fig. was connected with piece 
galvanized iron pipe, with the burrs the ends filed out and 
all visible obstructions removed, with the results noted Table No. 


TABLE No. ror APPARATUS WITH 
REMOVED. 


No. Diameter Time, Pressure Discharge, 


2.5 16.0 5.4052 
2.5 16.0 5.4052 970.341 


a 
\ 
\ 
Vv 
7, j 
1 
\ 
: 
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TABLE No. 


Meter. 


Diameter 


reduced 


Gallons Gallons 
capacity. 


Piston METERS. 
Worthington 29.66 1322.0 62.65 
71.00 581.90 586.8 99.16 
Worthington....... 92.47 172.25 172.6 99.77 
Disc METERS. 
Trident, No. 926.78 1215.0 76.28 
Trident, No. 24.00 873.18 1188.0 73.50 
Trident, No. 24.67 915.81 1205.0 
Pittsburg, No. 23.00 1163.0 77.18 
Nash 70.00 573.79 582.5 98.50 
Lambert 68.92 560.57 578.0 96.98 
Trident, No. 93.76 178.52 173.8 99.81 
Trident, No. 28179. ... 89.10 169.19 169.5 
Trident, No. 87.87 168.3 99.76 
Trident, No. 94.85 174.8 99.80 
Pittsburg, No. 175.71 176.0 99.84 
Pittsburg, No. 798 90.68 170.7 170.9 
INFERENTIAL METER. 
Columbia 67.00 511.99 569.8 
Columbia 95.10 172.98 175.1 
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these tests piece pipe the same length the average 


measurement from out out meter spuds was substituted for the 


meters for comparison the discharge the simple pipe arrange- 
From the data thus 


ment with the discharge the several meters. 
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TABLE No. 8.—Comparison AND TESTS. 
Pressure, Loss head, Ratio Discharge, 
No. test orifice tank gallons 
inches. pounds. pounds. meter. per hour. 
Lambert, No. 121 795 (Wyoming). 
Lambert, No. 036 (Hamburg). 
44.1 1.053 7.66 
§-in. Nash, No. 191 160 (Wyoming). 
70.00 6.89 1.0000 
Nash, No. 133 225 (Hamburg). 
aah 44.1 1,422 1,010 509.64 
44,1 0,142 1,003 192.87 
44.1 Not measurable. 1.000 50.73 
44.1 10.56 
g-in. Trident, No. 178 (Wyoming). 
4 93.76 0.77 0.9988 173.52 
95.09 Not measurable. 
10.80 
Trident, No. (Hamburg). 
| 44.1 1.71 1,000 524.44 
44,1 0. 0.996 201.58 
44.1 Not measurable. 0.990 38.57 
| 


obtained, curves were plotted for the and orifices, 
with the abscissas taken the discharges gallons per hour, and 
the ordinates pressures the service pipe. The curves were 
draw. the theory that the discharge meter for given orifice 
will vary the square root the pressure the inlet side; and the 
actual discharge meter compared with the discharge the 
curve, for the given pressure the inlet, determine the loss 
capacity the resistances the meter and its connections. The rela- 
tion the discharges meters the discharges the plain pipe 
the same approximate length the separation meter spuds, 
given Table No. 

few years ago the water-works Hamburg, under the direction 
Herr Iben, conducted series tests upon three the meters 
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represented the Wyoming tests. The results these tests, fur- 
nished pamphlet issued The Neptune Meter Company, 
New York, and the Wyoming tests, for the rates discharge 
most nearly agreeing, are compared Table No. 

The Trident and Nash meters, which came under Mr. Iben’s obser- 
vation, seem have been not quite accurate those tested the 
author, while the Lambert meter, tested abroad, gave very much 
better results detail and average. 


TABLE No. REGISTRY. 


Meter. Wyoming test. ning Hamburg test. 
| 


Three points are considered Mr. essentials good 
water meter: (1) Sensitiveness accuracy registry different rates 
discharge; (2) capacity for given size meter, and (3) cost. 
these should added durability, without which any meter, however 
excellent otherwise may be, will commercial failure. The 
meters use Germany are generally the Siemens inferential 
type, but much more complicated than the Columbia meter, repre- 
sented the Wyoming tests, which, excepting with the small streams 
about galls. per hour, gave very accurate results, but with con- 
siderable reduction pressure and capacity the service pipe. 

The use water meters much more general Germany than 
the United States. From compilation statistics the water- 
works one hundred and twenty-one cities Germany, including 
two Holland, one Denmark and one Sweden,* the following 
information with reference metered and unmetered water taken. 

one hundred and eleven cities the total consumption water 
for 1895 stated 445 158 552 cu. (117 000 galls.), 
which quantity 220 158 552 cu. metered, and 222 604 203 cu. 
unmetered. not stated how the water accounted for the 
other ten cities consuming 542 777 cu. per year. these ten 
cities all excepting Zurich, Magdeburg and Leipsic are small indi- 
vidual population. far the statistics indicate, about half the 


Statistische Zusammenstellung der Betriebs-Ergebnisse von Wasserwerken, Mu- 


nich, 
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WYOMING. 


Per cent. cent. 
Gallons Gallons 
Meter. loss Meter. loss 
| 
. 


total consumption water the cities Germany metered, and 
device which will not compare accuracy measurement with the 
displacement water meters made and used the United States. 

the London water-works different practices are followed the 
several companies.* The New River Company meters all water sup- 
plied large manufacturers and railway companies, the water used 
for street sprinkling, and sometimes the water for sewer flushing, 
amounting all 22.76% the whole quantity supplied. The West 
Middlesex Company does not meter any part its supply. 
The Southwark and Vauxhall Company meters 18.87% all the water 
furnishes. The Chelsea Company meters all water supplied the 
modern office and fiat buildings, representing 23.6% the total sup- 
ply. The Lambeth Company meters its total supply. The 
East London Company meters 19.8% its total supply. The Grand 
Junction Company meters very small part (about 1%) the water 
supplied, and the Kent Works has meters 16.43% all its services. 
some examples the water metered district through the 


Royal Commission Metropolitan Water Supply, London, 1893. 
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represented the Wyoming tests. The results these tests, fur- 
nished pamphlet issued The Neptune Meter Company, 
New York, and the Wyoming tests, for the rates discharge 
most nearly agreeing, are compared Table No. 

The Trident and Nash meters, which came under Mr. Iben’s obser- 
vation, seem have been not quite accurate those tested the 
author, while the Lambert meter, tested abroad, gave very much 
better results detail and average. 


TABLE No. REGISTRY. 


Meter. Wyoming test. Hamburg test. 


Three points are considered Mr. Iben essentials good 
water meter: (1) Sensitiveness accuracy registry different rates 
discharge; (2) capacity for given size meter, and (3) cost. 
these should added durability, without which any meter, however 
excellent otherwise may be, will commercial failure. The 
meters use Germany are generally the Siemens inferential 
type, but much more complicated than the Columbia meter, repre- 
sented the Wyoming tests, which, excepting with the small streams 
about galls. per hour, gave very accurate results, but with con- 
siderable reduction pressure and capacity the service pipe. 

The use water meters much more general Germany than 
the United States. From compilation statistics the water- 
works one hundred and twenty-one cities Germany, including 
two Holland, one Denmark and one Sweden,* the following 
information with reference metered and unmetered water taken. 

one hundred and eleven cities the total consumption water 
for 1895 stated 445 158 552 cu. (117 611 000 000 galls.), 
which quantity 220 158 552 cu. metered, and 222 604 203 cu. 
unmetered. not stated how the water accounted for the 
other ten cities consuming 542 777 cu. per year. these ten 
cities all excepting Zurich, Magdeburg and Leipsic are small indi- 
vidual population. far the statistics indicate, about half the 
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WYOMING. Boston. 
84. 
913.5 74.38 973.9 52.17 
\ 559.9 | 11.85 Hersey 453.3 6.25 
HAMBURG. 
Lambert.. eee \ | 560.6 12°19 ?-in. Lambert.. eee \ | { 511.2 6.45 
Trident, 556.2 11.94 ||2-in. Trident, | 524.4 3.87 


total consumption water the cities Germany metered, and 
device which will not compare accuracy measurement with the 
displacement water meters made and used the United States. 

the London water-works different practices are followed the 
several companies.* The New River Company meters all water sup- 
plied large manufacturers and railway companies, the water used 
for street sprinkling, and sometimes the water for sewer flushing, 
amounting all the whole quantity supplied. The West 
Middlesex Company does not regularly meter any part its supply. 

The Southwark and Vauxhall Company meters 18.87% all the water 
furnishes. The Chelsea Company meters all water supplied the 
modern office and flat buildings, representing 23.6% the total sup- 
ply. The Lambeth Company meters 11% its total supply. The 
East London Company meters 19.8% its total supply. The Grand 
Junction Company meters very small part (about the water 
supplied, and the Kent Works has meters 16.43% all its services. 
some examples the water metered district through the 


Report Royal Commission Metropolitan Water Supply, London, 1893. 
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Deacon waste detectors furnished with recording apparatus. The in- 
termittent supply tanks, the older practice furnishing water 
houses London, many instances renders meters less necessary than 
the wholly open undefended services cities the United States. 

For purposes comparison the meters tested, both Boston 
and Hamburg, and the author, are brought together Table No. 
comparing the losses head these tests, should 
noted that Boston and Hamburg all were meters with 
connections, while the Wyoming meters (excepting the Hersey) were 
all with standard connections. 

The connection actually in. diameter, while the 
connection actually in. diameter; and assuming the loss head, 
e., the resistance meter, vary nearly V’, then the losses 
head the tests are with few exceptions uniformly lower 
than the losses reported for the Boston and Hamburg tests. Con- 
sidering only the meters used the Boston and Wyoming tests, 
possible that the latter may contain better proportions and workman- 
ship than meters from the same manufacturers ten years ago. 


METERS. 


way showing the steady reputation which the Worthington 
water meter has sustained through long history actual service 
many water-works, the Wyoming tests meter No. 100 020 are 
compared with the Boston test meter No. and the San 
Francisco test meter No. 737.* 


TABLE No. 11.—Comparison THREE METERS. 


Meter. tank gallons 
orifice, pounds. meter. per hour. 
inches. 
ton, 1887-88..... | 0.05 46.00 0.8848 22°89 
0.08 0.9466 8.98 
18.79 
10.80 


Ross Browne, Water Nostrand Scientific Series, No. 81, 47. 
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The principle the Worthington meter such that was per- 
fected machine its original conception, and improvements were 
possible, excepting they related materials construction and 
proportion parts. was characteristic the late Henry 
Worthington, Am. E., that all his inventions were per- 
fected when they took form his great mind. 

Upon comparing the errors these three meters, widely separated 
numbers and time construction, appears that the earlier 


meters were nearly accurate those to-day. 


ERROR. 
Meter. 


i 


the durability water meters, the records many 
water departments will show that some meters have been service 


How well these 
old meters are accounting for the water passing through them can 


for many years and have given serious trouble. 


known only removing them from the service pipes and testing them, 
providing facilities for testing them the line pipe. Very 
little information forthcoming upon the accuracy water meters 
after reasonable wear, but, far the author’s experience has gone, 
this feature that deserves more serious consideration than seems 
have been given thus far. 

order obtain information the wearing properties water 
meters, city water department took six meters from stock, 
and submitted them the tests detailed Table No. 13. 

All these meters were obtained from well-known manufacturers, and 
those which passed the test successfully completed performance 
quite the equivalent years ordinary domestic service 
pipe. 

Meters and were run beyond their 


rated capacity, and failure under these conditions was more likely 
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TABLE No. 13. 


Designation Type Days Average 
meters. meter. service. per hour. 

dition end trial. 

25th day. 

Dise 202276 1576.2 Meter serviceable con 

dition end trial. 
Dise 200 000 385.3 Meter serviceable con- 


dition end trial. 


occur than they had been operated for twice the length time 
half the stated rate delivery. The performance meters 
and marvelous, and should convince any water depart- 
ment about adopt meters that well-made meter almost dur- 
able stop-valve piece cast-iron pipe. 

examination the records detail meters and 
indicates very uniform operation from day day throughout 
the whole period time, and considering the enormous number 
pulsations the discs (from 000 000 000 000) required pass 
the amount water credited these meters, one cannot fail 
impressed with the performance these simple little machines, 
which seldom excite our admiration, and sometimes come for severe 
condemnation when one’s water bill happens exceed his expecta- 
tions. 

connection with other experimental work the author recently 
had occasion test two 3-in. hot-water Worthington meters for the 
Cincinnati Water Department. These meters were used with water 
190° Fahr., the natural consistency the Ohio River, between 
July, 1897, and April, 1898. The back pressure the meters was 
about 105 lbs. during service, and the rate operation quite uniform 

from day day, averaging 180 cu. ft. per hour. The results these 
tests, different periods the service the meters, indicate how 
rapidly they depreciated with hot Ohio River water. The pistons and 
cylinders were brass, and the meters were constructed and recon- 
structed for the special service which they were used. 
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TABLE No. 14. 


3-In. Connections. Brass Pistons and Sleeves for Hot Water. 


Cubic feet for Ratio tank Error meter. 
Meter reading. interval. meter. Per cent. 
1,0914 — 8.37 
114 952 2 617 1.0958 — 8.74 
139 484 24 532 1.1064 - 9.62 
167 897 | 28 413 1.1146 — 10.28 
198 987 81 096 1,1413 — 12.38 


WorTHINGTON METER, No. 577. 
3-in. Connections. Brass Pistons and Sleeves for Hot Water. 


(New.) 

No. 088. (Again rebuilt.) 


The wear meters with water normal temperature, free from 
sand other material which will cut the working parts, should 
much less than with hot water containing times much sand and 
mud suspension, but the wear and reduced accuracy water meters 
when used length time, after reasonable service, matter 
which little attention seems have been given. Some 
reports have come the author indicating that certain meters have 
passed enormous quantities water without evidence wear re- 
duced accuracy measurement, but the water meter working ma- 
chine, and, like all other machines, must subject wear, and, un- 
like most other machines, not usually situated admit 
frequent examination and adjustment compensate for wear. The 
author inclines the opinion that the rate wear and reduced accu- 
racy measurement will conform roughly curves such are indi- 
cated Fig. for the hot-water Worthington meters. The curve, 
course, fitted experiment each type, and perhaps each 
make meter, and the water with which working. 


j 
; 
i 
i 
q 
, 
ly i 
ig 
4 
Fas 
rm 
ese ia 


PERCENTAGE OF ERROR. 


HILL TESTS WATER METERS. 


Fig. the ordinates represent the percentage delivery the 


meter excess the registered amounts, the percentage water 
tank measurement the registry the meter, less these 


experiments from cu. water were drawn into the 
measuring tank, and the net weight the contents the tank was 
reduced cubic feet for the observed temperature the water 


passed through the meter. 
the theory tenable, then meter manufacturers could 
furnish their customers with diagrams used from time time 


DIAGRAM SHOWING RATE WEAR WORTHINGTON HOT-WATER METERS 
THE HUNT STREET PUMPING STATION, CINCINNATI, OHIO, WATER-WORKS. 1897-98. 


WORTHINGTON METER NO. Tay 08s |_| 
REBUILT 1st TIME 


30000 40000 50000 60000 70000 80000 90000 100.000 


CUBIC FEET PASSED THROUGH METER. 


correcting the meter record, obtain the true discharge delivery 
water. thus fairly accurate when started, and error 
—2% after 50000 cu. ft., some other quantity, has been passed 
through it, and out —5% after 100 000 cu. ft. has been passed 
through it, this diagram will furnish the proper factor which 
multiply the meter record any period its useful history. 

This brings the consideration the maximum average error 


allowable water meters. Conferences with several meter manufac- 


WORTHINGTON METER NO. 72.088 
| | |_| | 
4 0 


turers indicate that opinion meter safe use until the 
error reaches 7%, but there can doubt that there are daily use 
many meters which the average error much greater than per 
cent. Certain meters these tests have average errors more than 
7%, and with meters which have been long service, with com- 
plaints stoppage interferenee with the supply water, the 
error, many instances, indicated the author’s experience, will 
found much more than this modest figure. regarded 
generally the maximum allowable error, then thousands meters 
now use all probability should replaced new meters, 
proposition which all meter manufacturers doubtless will approve. 
error 10% may admissible, provided known and the reg- 
istry therefor can corrected, while admitted errors greater than 


10% unfortunately furnish material for condemnation the meter 
system. 


the rotary meters the pistons are made vulcanized rubber. 
The Worthington pistons are made drawn-brass tubing, with cen- 
tral cast-brass head. This head unites the two tubes which form the 
piston, and receives the impact when the motion the piston 
arrested the end the stroke the buffers. the Crown, Em- 
pire and Union Rotary meters, the piston box case made fine 
bronze. The piston box the Hersey meter made vulcanized 
rubber, and the top and bottom plates which close the box are made 
bronze and covered with coating rubber about in. thick. 
The working parts (excepting the gear-train) this meter present 
only rubber surfaces the action the water. all the disc 
meters, the are made vulcanized rubber. some meters the 
dises are flat, others concave. either form has advantage 
over the other, the fact not apparent the author. The buffers 
the Worthington meter are made vulcanized rubber; fact, this 
material forms such important feature water meters that the 
Union Rotary and Columbia meters, even the gear-trains are made 
vulcanized rubber; while the Pittsburg meters, the first spindle 
the gear-train turns vulcanized rubber bushing. Tho two large 
elliptical gears which connect the two pistons the Union Rotary 
meter are made vulcanized rubber, while the eccentric moving 
piston the Empire meter guided vulcanized rubber pin 
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which projects from its under side into chamber the lower 
the piston box and impinges against bronze friction roller. 

With the exception the Worthington, Union Rotary and Colum- 
bia, all the meters have bronze gear-trains, with cut pressed wheels 
and pinions. Worthington main gear single brass ratchet 
crown wheel actuated pawl which moved forward one tooth 
more for each complete motion the two pistons. all the meters 
the internal screws are brass. The disc case box all the dise 
meters examined made bronze. the Trident meter the two 
sections the box are united with snap joint. the Stand- 
ard meter this snap joint supplemented screws, and all others, 
excepting the Nash, the box made with screws. The bottom 
the Nash box held place friction, until the box 
screwed down the bottom part the meter case. the new 
form Pittsburg meter the disc box forms part the meter case. 

The bolts and nuts the Trident, Hersey, Hersey Disc, Niagara 
and Pittsburg meters are iron and galvanized; all other meters, 
excepting the Worthington, the bolts are iron with brass nuts. 
The Worthington meter case put together with iron tap bolts. 

Screens are provided all the National meters intercept solid 
particles the water more than diameter. The same result 
accomplished the Hersey Disc meter the narrow annular space 
between the meter case and dise box through which the water 
passes before reaches the disc box. the Trident meter strip 
thin brass attached one end the inside the meter case, and 
extends partially around the box. This strip brass nar- 
rower than the chamber the meter case and forms with the case 
thin curved slot through which the water must pass before enters 
the box. This device acts perfect interceptor large solid 
particles which might enter the meter and interfere with its operation. 
provision the other meters intercept floating solid matter was 
noticed the author; but good practice with all meters place 

the service pipe near the inlet connection, be- 
cause such traps are more convenient open and clean than the 
meter itself. 
Some complaint has been made the meters break- 
ing under high pressures. experience has demonstrated this 
inherent defect this type meter, the difficulty might 
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remedied thickening the the center and tapering to- 
ward the edge. this, however, will require the sacrifice 
part the ball-bearing surface are vibration, which perhaps the 
meter manufacturers might consider greater evil than the 
sional breaking the under high pressures. the Nash meter 
the dise strengthened steel wire, embedded the rubber near 
the edge the 

these experiments the disc meters were frequently operated 
under pressures 100 lbs. the inlet side, and, test the 
strength the this full head was often turned the meter 
suddenly the cock the supply pipe could opened, with 
evidence injury any meter which the author examined. 

Frost bottoms are provided the Trident and the new form 
the Pittsburg meters. These are cast iron, inexpensive and easily 
replaced should accident happen the meter the freezing 
water it. other meters the top bottom piece the meter case 
made cast iron, which expected the manufacturers break 
the meter should freeze. 

With one two exceptions, all the meters examined were well 
built, with nice fitting all parts, and neat, legible dials. The 
meters generally throughout indicate the highest class workman- 
ship, and careful consideration for the two essential features 
water meter, viz., accuracy measurement and durability. 

function the meter, which the author has not heretofore 
seen mentioned, its capacity leak detector. All the meters 
which were placed the line the domestic service pipe, where the 
tests were conducted, maintained continual vibration, which could 
detected the second floor the building; while closing 
stop-cock the discharge pipe near the outlet the meter, the vibra- 
tion ceased. investigation the cause this continual and 
regular pulsation the meter led the discovery trifling leaks 
two taps which before had passed unnoticed. Upon timing the Nash 
meter under this condition, was found that the vibrations the 
were exactly four per second. The leaks were too small 
registered the meter, and the only evidence their exist- 
ence was the gentle vibration the its ball-bearing and the 
tapping the driving pin against the guide driving arm the 
gear-train. After the discovery this new feature the meter, 
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several were connected one one the service pipe with similar 
results. this rocking the its bearing with streams 
then they have advantage over all other forms meter, viz., 
imparting knowledge leaks the plumbing which other- 
wise might escape detection. 


After the several tests were made, all the meters were taken apart 
and carefully measured for water displacement per revolution 
train, computed per cubic foot water registered. For the piston 
meters this was determined direct measurement the working 
parts, while for the disc meters the displacement per revolution was 
obtained carefully waxing all openings and filling with water the 
dise box with the dise it. From the weight and temperature the 
water, the net volume the disc box was several in- 
stances this result was checked from careful measurement the 
and box. the Columbia meter the revolutions per cubic foot 
water discharged were calculated from the gear-train alone. 


TABLE No. Pistons Foor. 


Meter. ment per displace- 
Piston METERS. 
Disc METERS. 
Hersey.. 5.415 319.12 0.92 
INFERENTIAL METER. 


Some objection may raised the general crudeness the 
apparatus used the author’s tests, but originally only two questions 
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were presented connection with the introduction water meters 
his village: (1) The relative accuracy under the same conditions 
pressure and water delivery the cheaper meters when compared 
with the piston meters, and (2) the relative value both types 
meters when operated with widely varying streams water. These 
questions the author believes have been answered the tests. 

The conditions were alike for all meters, excepting the pressures 
the supply pipe, and this variation pressure was due the cir- 
cumstance that the street main from which the supply pipe the 
meters was run was also pumping main, and the variation press- 
ure the supply pipe could only have been avoided making 
all the tests night under reservoir pressure. The author has 
reason believe that this variation pressure the inlet sides 
the meters had any influence their accuracy measurement. 
Results were sought which would fairly comparable with each 
other rather than precise themselves; but this statement must 
accepted applying the apparatus and not the observations 
and deductions, which were carefully made and checked least 
two competent persons. 

Prior this investigation water meters for domestic service, the 
author has several times been called upon professional capacity 
examine and report upon some the better known forms meters, 
settle disputes between water-works officials and dissatisfied water 
takers. From this experience, and the occasional use water meters 
for test purposes, has acquired confidence the reliability 
these devices, which, unfortunately, not generally shared water- 
works engineers. This confidence has been strengthened the pres- 
ent investigation such extent that believes the use water 
meters should become, the earliest possible date, essential 
feature all water-works which pretend conduct business upon 
modern enlightened principles. 
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Vol. XXV. JANUARY, 1899. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 


PAPERS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE APPROACHES AND TRANSPORTATION 
LITIES THE PARIS EXPOSITION 1900.* 


During recent visit Paris, the author became much interested 
the engineering features the Paris Exposition 1900, and 
undertook collect, for presentation this Society, such informa- 
tion was obtainable certain interesting and important points. 

The engineers charge the several works, fully understanding 
this purpose, afforded him every facility for inspection, and kindly 
furnished plans, reports and other data. 

The Exposition 1889 the Trocadero grounds and the 
Mars. The special, rather the grand, feature that Ex- 
position was the Eiffel Tower, and, secondary only, the Palais des 
Machines. These two structures were the only ones preserved. The 
latter remodeled its interior preserving great central 
space Salle des Fétes, the remainder the building being devoted 
the Agricultural Exhibit. 


*It has been found impossible reproduce all the plans, drawings, etc., accompany- 
ing this paper, but they are all filed the Library the Society for reference. list 
the Exhibits will found the end the paper. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 


sent mail the Secretary. The papers with discussion full will published the 
volumes 
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The Eiffel Tower has been kept use all the time. Recently 
various experiments have been made determine the best color for 
repainting it. After many trials with various tints has been deci- 


sible, being thought that, the clear days which may expected 


during the Exposition, this color will blend with the blue 


the sky and make the tower less prominent. 

the desire the architects make electricity the main 
exhibit, and attract for the greatest attention, the Electricity 
Building will the most striking object meet the eye the 
visitor. The bird’s-eye view, Plate shows this building standing 
the center the Champs Mars, its longer dimension, and 
near the Salle des Fétes. 

outline map Paris shown Plate II. 

greater area for the Exposition than that 1889 has been pro- 
vided, taking the Gardens the Hotel des Invalides, and also 
area the right bank the Seine, now occupied the old Palace 
Industry, which soon removed. Two beautiful permanent 
stone Art Palaces, the larger and the smaller, are nearing completion 
this ground. Between them opened broad avenue lead- 
ing from the Avenue des Champs Elysées over the river and the 
elevated plateau immediately front the Hotel des Invalides. 
This new avenue will present striking artistic feature the Expo- 
sition, and will remain one the most beautiful avenues the 
city. seemed proper that the bridge built across the Seine, 
connect the two parts this avenue, should made monumen- 
tal structure and one the principal features the Exposition. 

Another quite extensive area has been provided along the left 
bank the river, connecting the Champs Mars and the Gardens 
the Invalides—the two main parts the Exposition that side. 
This strip land which has been reclaimed from the Seine very 
substantial masonry wall, about 100 ft. wide, and will 
pied mostly the government buildings the various countries 
the world. The bird’s-eye view, while some respects imaginative, 
shows how cosmopolitan will this strip land. Underneath this 
strip, and about through its center, has been built double-track 
railroad subway, which the Western Railroad will traverse the 
entire front the grounds and reach its large and permanent low- 
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level station along the Quai d’Orsay and under the Gardens the 
Invalides. After reaching the Pont des Invalides, just before 
reaching it, the railroad, reversed curves, passes under the first 
building marked the map Gare des and then spreads 
out into quite wide station grounds, and reaches the opposite side 
the Gardens, where has duplicate station, both stations being per- 
manent stone structures. 

The features thus briefly referred can better understood 
examining the sketch the Exposition grounds (Fig. 1), which the 
subway above mentioned and the arrangement the tracks the 
Gare des Invalides are shown heavy dotted lines. 

The following works will now described the order named: 


The Alexander III Bridge. 

The Extension the Orleans Railroad toward the Exposition 
Grounds. 

The Extension the Western Railroad the Exposition. 

The Plateforme Mobile (Movable Sidewalk) and Electric Rail- 
road. 

The Metropolitan Underground Electric Railway. 

The Enlargement the Gare Lyons the Paris, Lyons and 
Mediterranean Railway. 


ALEXANDER III 


the Annales des Ponts Chaussées contain detailed descriptions 
this bridge, would more than briefly mention this 
very interesting work. Some its features are quite extraordinary, 
and will worthy careful study those specially interested 
ornamental bridge construction extensive scale. 

Mr. Alby, the Resident Engineer, requested the author present 
the Society the photographs shown Plate III. These photographs 
show the elevation the bridge and section through one the 
abutments, and, though made prior the construction the bridge, 
they are correct, except some unimportant features the abut- 
ments, which developments during the preliminary work madeit neces- 
sary change. 

may not generally known that 1823 project for suspen- 
sion bridge this location was brought forward and finally approved, 
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Papers. 


1, Palais du Trocadero. 

2. Colonies et Protectorats, 
3. Forets, Chasse, Péche. 

4. Navigation de Commerce. 
5. Tour de 300 Metres. 

6. 


Aliments. 

Lettres, Sciences et Arts. 
Génie Civil. 

9. Fils et Tissus. 

10, 

11. Moyens de Transport. 

12. Matériel Mécanique. 
13. Mines, 


PONT 


+ 


16. Agriculture. 


17. Salle des Fetes. 


hy SQ 20. Congres et Economie Sociale. 
L 21. Horticulture et Arboriculture, 
> 


22. Ville de Paris. 
23, Oeuvres d'Art. 
24. Exposition Historique, Art Francais. 


25. Pavillons des Puissances 
26. Education. 

27. Enseignement. 

28. Gare des Invalides, 


PLACE 
VAUBAN 


30. Décoration des Habitations. 
31. Pont Alexandre 


BOULEVARD 


ECHELLE 
KAY 200 30) «400 508 Metres 
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and, after two years’ work and the expenditure considerable sum 
money, was nearly finished. This was 1826. Upon putting the 
tension and laying the floor the bridge, the joints the 
upper seats the counterforts the right bank opened slightly. 
Some days afterward water conduit nearly broke two. doubt 
this damage could have been easily repaired, but gave oppor- 
tunity the opponents the structure, who were not pleased with 
its artistic features, the toweis obstructing the view the facade 
the Hotel des Invalides, renew their efforts have the bridge 
condemned. was decided abandon the work and remove 
entirely. 

suspended structure, constructed near 1829, transformed 
1854 into masonry bridge and called the Pont des Invalides, 
has, until recent years, been ample for the but, with the in- 
traffic, the congestion over the Pont Concorde, next 
above, made necessary provide another structure between the two, 
and the location extension the Rue Constantine was selected, 
the Palais d’Industrie blocked the way for one the location the 
demolished bridge. 

But the decision remove the Palais d’Industrie and build two 
Art Palaces these grounds features the 1900 Exposition, led 
the adoption the present location, and was also decided 
build great architectural structure. well expressed the 
memoire: 

d’une large avenue entre les Champs-Elysées des In- 
valides, fait nécessairement abandonner projet pont Con- 
stantine comprendre dans programme des travaux 
une traversée Seine dans nouvelle avenue, traversée 


d’un caractére monumental raison réle qu’elle est appelée jouer 
dans ensemble 


well known, the Czar Russia, Alexander laid the foun- 
dation stone this bridge, the occasion his visit Paris, and 
this gave its name. 

The plans were under consideration 1895, the Minister 
Public Works, the Minister Commerce and the Commissioner- 
General the Exposition. The matter was referred the Conseil- 
Général des Ponts Chaussées June, 1896. The plans the 
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foundations were approved January, 1897, and the superstructure 
July the same year. 

The architectural features—the decorative parts—were worked out 
later the architects, Messrs. Rénard and Cousin, with view 
harmonizing the entire structure with the architecture the Expo- 
sition and other features the locality. There were three points 
consider: First, not interfere with the perspective the Invalides, 
viewed from the Champs-Elysées; second, not injure the appearance 
the Seine, seen from the Pont Concorde; third, make the 
width proportion the width 100 (328 ft.) the new avenue. 
the other hand, the width clear span for navigation must take 
into account bend the river the location, which throws the cur- 
rent upon the right bank. restrict the width this point would 
seriously interfere with the navigation convoy. Very laborious 
study was given all these points. the structure, finally de- 
signed, all these requirements have been met. 

The type the bridge that three articulations. The princi- 
pal features alignment and dimensions are follows: 

The longitudinal axis corresponds with that the new avenue, 
requiring slight skew with the face the abutments, which are par- 
allel the navigable channel the river. 

The width the river between the two quays 155 (508.5 ft.). 
The abutments project somewhat, that the articulations the two 
ends are 107.50 (352.69 ft.) apart. 

The width the bridge (131.2 ft.) between guards; 
central roadway (65.6 ft.) and two sidewalks, each 
(32.8 ft.). The grade toward the center 2%, joined vertical 
curve (104.99 ft.) chord and 800 624 ft.) radius. 

The curve the cross-section the roadway also 0.20 
(0.656 

The metallic structure composed fifteen arches, ribs, 
equally spaced. These ribs are cast steel; the superstructure, 
floor, are rolled steel, and the decorative parts are castings. 

the river could not obstructed entire year, during the 
erection the structure, became necessary devise some means 
erection avoid this. For this reason the ribs are united bolts 
rather than rivets, and the erection performed means 
traveler which spans the river, moving wheels, tracks laid 
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each abutment. This traveler, Figs. and moves down stream from 
each set two ribs another set—a veritable rolling bridge. 

The flatness the arch, necessitated the reasons already stated, 
one the features the structure. The axes the end 
articulations are 2.25 (7.38 ft.) above the normal level the water 


Premier montage 


EAUX ORDINAIRES (97.006) 


Saws EAUX ORDIMAIRES (27.006) 


ASLAN 


_EAUX ORDINAIRES (27.000) 


EAUX ORDINAIRES (27. 


CAUX ORCINAINES (27.000) 


Fia. 


and the articulation the center 8.53 (27.98 ft.) above the same 
level. The ratio rise length 17.12. 

The foundation work was not only very interesting, but somewhat 
difficult manage, account the great size the abutments. 
Owing the flatness the arch, the thrust very great, 288 tons per 
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square meter (10.76 sq. ft.). thrust the first plan was 345 tons 
per square meter, and the ratio rise span was 20. 

The endeavor reduce the pressure has been constant, account 
the anxiety caused the character the subsoil, due the 
settlements the other old bridges nearby, built, but afterward 
removed. 

The abutments are parallelograms, 33.50 (109.88 ft.) with the 
axis the bridge and ft.) with the axis the river. 
Each these immense abutments was founded single caisson, di- 
vided into five parts partitions perpendicular the direction the 
river. Above the working chambers there was metallic truss-work 
parallel the direction the river. The working chambers, and the 
truss-work well, are filled with béton the proportion volumes 
Seine gravel volumes mortar. The mortar mixed 
the proportion 450 kgr. (992.25 lbs.) Portland cement cu. 
(1.31 cu. yds.) sand. The mean thickness the béton 3.40 
(11.144 All the upper part the abutment masonry. There 
are the face three courses granite, each 0.50 height, and 
above them molded granite course, upon which rests directly the 
masonry for the skewbacks the arch. These and other details are 
shown Fig. 

the execution the work was decided build and sink the 
caissons place without dredging. The metallic structure the 
caissons soft steel. The general features, well some details 
showing the air-locks and shafts, which there were ten, are shown 
Exhibit 4.* The height the caisson proper was only 3.68 
(12.07 ft.). The exterior walls were carried prolonging the sides 
the caisson sank, shown Fig. 

The compressed air used the caissons was taken directly from 
the pipes the Popp system near by. The caissons were lighted 
electricity from plants established the works each bank. The 
depth the cutting edge the caisson below ordinary level the 
water was about ft. 

The details the descent the caissons are graphically shown 
Exhibit 7.* Some details the granite foundations the skew- 
backs, the weights, lines thrusts, appear Exhibit 8.* 

The ornamental features the four towers appear Exhibit 9.* 


These exhibits are not reproduced herein, but are file the Library. 
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The four sitting figures are the four periods French 
history, Charlemagne, Louis XIV, the early and the later Re- 
publics. 

The engineers, Messrs. Resal and Alby, are from time time writ- 
ing the history the work the Annales des Ponts Chaussées, and 
the recent Fiftieth Anniversary the French Society Civil Engi- 
neers they gave general description which will soon appear its 
Bullétines. 

matter interest, comparing this bridge with the Mirabeau 
Bridge, further down the river, Mr. Alby has presented photographs 
that bridge, with description the same which appears Ex- 
hibit I*. 

Some the printed matter from which the 
above brief description taken found No. 

and No. 27, pages 165-214 and 311-328, re- 
spectively, the Annales des Ponts Chaussées 
1898. Further descriptions the same 
writers are follow. 


The arched platform hanging from the rolling 
bridge was ready for the erection the arch 
members about November 10th, 1898, when the 
work placing the permanent arch ribs was 
begun. 


THE EXTENSION THE ORLEANS RAILROAD 
THE GROUNDS. 


The new station Quai d’Orsay the level 
the tracks shown Plate IV. Outside 
the plans there are, however, few points 
noted. 


Originally all the Paris railway terminals were the faubourgs, 
outside the city proper. To-day the stations the Northern, Eastern 
and Western railways are within the city, but because the city 
has grown these directions. Originally they were surrounded 
land, and the St. Lazare station, now the very center 
the city, was quite picturesque quarter, which had been given 
the name Old Poland.” 


These exhibits are not reproduced herein, but are file the Library. 
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Mr. Briére, Chief Engineer the Work, some remarks before the 
French Society its recent Fiftieth Anniversary, stated that great 
cities generally grow toward the north and The terminal station 
the Orleans Railroad was east and south, region where 
the population has not developed. was obliged approach the 
center, and was encouraged the success which attended 
the subway extension the Chemin Fer Sceaux the Luxembourg 
station. The old terminal station this line had 000 000 passengers 
1894, the new station had 800 000 1896, and 000 000 1897. 

The difficulty with the Orleans extension was find for the station 
place which should have about 000 sq. (322 900 sq. 
ever, suitable location was found purchasing and removing the 
ruins the old Cour des Comptes,” which had been caserne 
barracks. side was another State building, Casse 
des which could neither moved nor dis- 
turbed. was therefore necessary under it. The author has, 
with the resident engineers charge, examined this difficult work, 
which extensive area under the corner this building being 
prepared for the tracks branchivg out into the subterranean station. 

The whole line about km. (2.48 miles) length. the map 
Paris, Plate II, this extension shown heavy dotted line. The 
map the Exposition, (Fig. 1), shows the margin the location 
the terminal station, which about far from the Gare des Invalides 
the Opera House from the Madeleine. 

The extension traverses the present terminal station. The grades 
reach the subway are very light. entire distance the ex- 
tension along and adjacent the quay walls the Seine, directly 
under the quay streets and very near the surface these streets, 
often not more than ins. below them. 

Generally, the municipal government has prohibited open cut- 
tings the streets and covering them afterward with metallic floors 
columns. Therefore, tunneling required, and this being done 
means hydraulic shield. noticeable, however, that 
several places the pavement was disturbed such extent that, 
while work underneath was going on, was necessary guard the 
areas with ropes keep off vehicular traffic, and that the surface had 
raised and repaired. Two typical sections are shown Fig. 

The rails are laid about the ordinary level the water the 


Sead 
ange 
7 
; 
q 


CORTHELL PARIS EXPOSITION. [Papers. 


Seine. floods the water rises nearly the level the top the 

subway, sometimes (16.4 ft.) above the ordinary level. there 

comparatively thin wall between the subway and the river, 

necessary make tight dam this wall, and also, generally, lay 


| 
| 


Ouverture 


~Ouverture-— 


Montee 


thick invert béton resist the upward pressure and the 
percolation times flood. Probably will necessary install 


pumping plants for these occasions. 
one point, where new quays for river passengers and merchan- 
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dise had provided, the work was done open trench for about 
650 132 ft.). this work, approximately 55% has masonry 
arch, has metallic floor, and 14% open trench. (These 
proportions are somewhat doubt.) the open-trench work the 
width the cross-section (29.5 ft.), (26.24 ft.) being for 
the tracks and (3.28 ft.) for the employees. the junction with 
the Sceaux Railroad, which had provided for, there are four 
tracks, two tunnels, each wide. Elsewhere there are two. 
tracks. The two tunnels communicate with each other wide bays. 
For aeration, and also for light, the walls the Seine are pierced 
above the flood level. 

There will one intermediate station between the present terminal 
and the new station the Quai d’Orsay. will connect with the 
banlieue line (ceinture), and will about (36.09 ft.) wide. 

the new terminal station; Plate IV, there will fifteen tracks, 


common arrivals and departures. The shortest platform 240 


(787.4 ft.) long, and the level the platforms the cars, 
(34.64 ins.) above the rails. The baggage will handled separate 
platforms, which are 3.50 (11.48 ft.) wide, with elevators for lifting 
lowering the baggage. The tracks the further end the station 
are all connected turn-tables, 6.20 (20.33 ft.) diameter. 
length the ground floor for passengers 200 (656 ft.). All the de- 
parture service done the Quai d’Orsay, the arrival service the 
Place Belle-Chasse. provide court for departures, 
but widening the space made. The arriving passengers, 
ascending the ground floor from the level the platforms, will find 
carriage court 100 (328 ft.) long and (164 ft.) wide, where 
the carriages 

Over the station there hotel considerable proportions. 
will have dining room 420 sq. 519.2 sq. ft.), salon 300 sq. 
229 sq. ft.), galleries 150 sq. 614 sq. ft), grande salle 
des fétes 450 sq. 842 sq. ft.), and 275 chambers. entire 
structure carried metallic supports. was necessary divert 
great many sewer, water and gas pipes, etc. One intercepting sewer, 
about (13 ft.) diameter, that passed directly through the new 
station ground, had diverted, cost 5000000 francs 
($1 000 sewer received all the water the left bank and 


conducted the siphon the Place Concorde, under the Seine. 
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The traction will electric. The engineers and experts visited 
the United States and made special examinations the electric tunnel 
line Baltimore. They returned with the conviction that would 
possible, easy and economical make application electric 
traction with full-sized train, such run from Paris Bordeaux, 
and the Line Paris. 

They are, however, still studying the question, but everything now 
favors the use separate special electric motors, changing from the 
steam locomotive the Quai d’Austerlitz, the present terminal for 
the extension the Quai d’Orsay. 

The cost the entire work will about 
($8 000 000), 000 000 franes per kilometer. The expenses are 
divided about follows: 


000 000 600 000 
Disturbance streets, ete 200 000 
Water and other conduits........ 500 000 100 000 
Principal construction 500 000 100 000 
Tracks and ballast.............. 000 000 200 000 


060 000 franes. 000 000 


The work will doubt completed before the opening the 
Exposition. 


EXTENSION THE WESTERN RAILROAD THE EXPOSITION. 


The route this improvement and extension shown the map 
Paris (Plate The terminal the Champs Mars shown 
the map the Exposition (Fig. 1). 

From the St. Lazare Station Station Courcelles, which junc- 
tion station the belt line, there are four tracks; this station 
only two. 

The great additional traffic the Exposition has made necessary 
place two more tracks from Station Courcelles the point Passy, 
where the new line, also double-track line, leave the main line 


for the Exposition. Some features this four-track work are quite 
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difficult, requiring veritable tunnels under such avenues the Bois 
Boulogne and Grande Armée. should understood that the 
entire line from the St. Lazare Station depressed. Hitherto, from 
Passy, there was simple excavation, with the usual 
earth slopes and with railing the edge, the line runs through 

accomplish the widening was necessary build nearly 
vertical retaining walls. this work infringed the sidewalks 
some localities, particularly Station Courcelles, the plan project- 
ing sidewalks has been adopted. The peculiar method used illus- 
trated Fig. buildings such work had previously been done 
architects, but believed the railway that this the 
first instance its use railway work. simply concrete side- 
walk varying width, resting concrete brackets ornamental 
shape anchored into the retaining wall round rods extending from 
the front the bracket through take hold similar rods, which 
are imbedded the wall, and run lengthwise with the sidewalk. 
Strap-iron also used connect the upper and lower rods the 
brackets. The maximum overhang the line of.the railing, fence, 
1.90 (6.22. ft.) 

The city authorities require very severe tests establish the abso- 
lute safety the sidewalk. heavy weight dropped several feet 
and several times upon the outer part the greatest overhang. 
starting the work has yet been noticed under these tests. 

the point departure the Champs Mars Line the main line 
very deep excavation. order avoid level crossing, the 
right-hand track the extension carried under the left-hand track 
the main line. This requires deep tunneling, and both lines, after 
they come together from the single tunnels and enter the double-track 
tunnel, are still carried deep under the surface the ground near 
the Seine. 

will seen from the plan and profile, that the line, after coming 
into the open, curves the left crossing the river. trusses 
the bridges and viaducts are quite well shown the profile; the 
longest span, that over the navigable way, quite artistic. All the 
work well advanced and there appears good reason why 
will not all ready for traffic before the opening the Exposition. 
the Champs Mars station was necessary buy considerable 
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property and demolish quite number houses obtain the room re- 
quired. After the Exposition, this station, with its numerous tracks, 
will used for general freight yard, and may possibly become the 
terminus line from this point Versailles, proposed the com- 


pany. The cost the work being done the Western Railroad will 


about 000 000 franes ($5 000 000). 


RAILROAD. 


was not the original intention make the entire circuit the 
grounds, but examining the sketch the grounds, Fig. and the 


small diagram the movable sidewalk, Fig. will seen that 


OE 
: 


the later plans require entire circuit. The following transla- 


tion extracts, nearly entire, three articles Genie Ciril, and 
the illustrations are taken from these 


These descriptions give the entire matter fully that unneces- 
sary dwell upon the subject. 

The author has obtained from the office the President the 
company organized exploit the the information 
that the whole matter experimental condition; short section 
300 (984 ft.) now being installed for trial St. Oure, just 
outside Paris. demonstration the practicability, safety and 
the plan required the Exposition authorities, 
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the terms the concession given the Engineer, Mocomble and 
his associates. will appear from examination the plans that 
they differ essentially from those the Chicago movable sidewalk, 
which well known that description here unnecessary. 
Whether the defects attributed the Paris engineers are real 


important will not discussed, and whether the new plans 


remedy them may not possess defects serious will demonstrated 
the experiments, least the actual transportation the 
Exposition. 

for Moving Electrical Sidewalk for the Transportation 
Passengers the Interior the Exposition.—It was not until 1893 that 
there existed practical test the above idea. This was the in- 


0:458> - 


stallation two American Engineers, Messrs. Silsbee and Schmidt, 
the first movable sidewalk the Chicago Exposition. This side- 
walk had two rates speed; that say, consisted two parts, 
one moving speed km. (3.1 miles) per hour, and the other 
speed km. (6.2 miles) per hour. certain that this sys- 
tem would not more difficult from the first platform the 
second than would from the stationary sidewalk the plat- 
form moving the rate 5km. hour. The method employed 
obtain two different rates speed consisted placing the second 
platform upon the rims the wheels the first platform means 
flexible rails. Thus, the same movement, two rates speed 
were obtained, which one was double the other (Fig. 9). 
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system served very well the Chicago Exposition 1893, 
and that Berlin 1896, which may considered the time its 
real practical demonstration. 
Movable Sidewalk Blot, Guyenet Mocomble.—In spite 
the good results that has given, the movable sidewalk Messrs. 
Silsbee and Schmidt presents, from technical point view, certain 


defects which have attracted the attention Messrs. Blot, Guyenet and 


Mocomble, construction engineers Paris. One principal defect con- 


sists having all its machinery motion, which makes the care very 
difficult and does not permit repairs unless the entire machinery 
stopped. Another objection that the moving rails supporting the 
second platform constitute, together with the axles and the machinery, 


dead weight put motion uselessly, and, the system not riding 


easily, the movement lacks smoothness. Finally, there only one 


moving truck thirty-six, the moving carriage must ballasted 
aid the adhesion, and thus the system does not reality have its load 


uniformly distributed, but system traction locomotives placed 
intervals series cars forming continuous train. 

the moving sidewalk proposed for the Exposition 1900, 
Messrs. Blot, Guyenet and Mocomble are endeavoring remedy the 
faults enumerated above, and shall endeavor describe clearly the 
solution which they have arrived. 

The whole the projected installation comprises: 

First.—A platform higher rate speed (4.26 ft.) wide 
(8.85 ft.) second, that 9.720 km. miles) hour (Figs. and 11). 

Second.—A platform lower rate speed, 0.80 (2.62 ft.) 
wide, rolling track with gauge 0.45 (1.47 ft.), speed 
half that the first (Fig. 10). 


Third.—A stationary sidewalk 0.90 ft.) wide. 
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Fourth.—A metallic structure supporting the whole, and resting 
metallic columns. 

Fifth.—Stairs for the ascent and descent passengers. 

the platforms composed trucks belonging two 
distinet types. The first supported four independent wheels, 
while the second has wheels, and rests the neighboring trucks. 
The floor each truck rests wooden beams carried cross-pieces 
which are fastened the center axial girder, which the core 
the system. These cross-pieces carry their extremities the wheels 
which rest iron track fastened the wooden beams carried 
the metallic which are bound the main girders. 

The axial girder rests, every (19.6 ft.), rollers, sometimes 
moving and sometimes for support. consists plates and angle- 
bars, with steel rail the form inverted (Fig. 11), that 
say, having the flange the bottom. order permit pass 
the curves this girder divided into sections (13.1 ft.) joined 
together hinges. 

motion produced the adhesion the axial girder 
the moving rollers, the same axle-tree being used for both platforms. 
order remedy the sagging which would take place between the 
rollers, these are mounted short axle, solidly between two 
bearings close together possible and resting elastic frame. 
These two bearings are united axle-tree and two Cardan joints, 
thus allowing for every vertical displacement the rollers. 

The moving rollers are placed (127 ft.) apart, and the sup- 
porting rollers (19.6 ft.) apart. The motive power, furnished 
electric current, being thus distributed large number 
points, not necessary overcharge induce adhesion the 
motive points. other hand, the constructors have taken all 
precautions, that the movement may quiet possible. The 
wheels the trucks, well asthe rollers, are covered with rubber, 
thus deadening the shock and the noise, and might suggest wheels 
compressed paper away with all noise. 

posts (3.28 ft.) height have been fastened the 
floor the trucks the first platform serve support inex- 
perienced travelers passing from the stationary platform the 
moving one. going from this latter the fastest platform, the 
backs the seats will assistance. Every 200 (656 ft.) there 
are stairways for the ascent and descent passengers. 

the arrangements everything has been planned insure 
continuous and uninterrupted movement. this end the wheels 
the trucks, the moving axles and the axial girders have been calculated 
such way that one portion might missing without making 
necessary stop, that the neighboring portions should suffer. 

The moving platforms and the stationary sidewalk rest main 
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girders, braced 1.20 ft.) apart, and supported iron open-work 
columns, spaced 19.50 (64 ft.) from axis axis. 

This aerial disposition the platforms surely presents very al- 
luring inducements, for permits complete tour the Exposition 
and furnishes travelers with extremely varied panoramic views. 

Unfortunately these advantages are too dearly bought, for the 
aerial platform brings with serious inconvenience. Far from allow- 
ing passengers get all points, would platform the 
ground, necessary make stations, where great crowds would 
collect, and, the consequent ascending stairs, deprives pass- 
engers part the advantages gives them. And more, and this 
without doubt the most serious difficulty, this aerial platform, al- 
though light and elegant expected be, would form line 
cutting all perspectives. feared that will have against 
the opinion most artists called give their advice, and who 
would prefer, perhaps, deprive visitors very commodious and 
agreeable method transportation rather than admit construction 
capable breaking more less the harmony the complete whole 
which they purpose creating. 

said, one must recognize that the installation presented 
Messrs. Blot, Guyenet and Mocomble project carefully studied 
and perfectly possible realization, least from technical point 
view. 

projected course (Fig. would pass the Avenue 
Motte-Piquet, des Invalides, the Quai d’Orsay and Avenue 
Suffren, thus forming closed circuit about 4.200 km. (2.6 
miles). 

The originators the project, such has been described, esti- 
mate that this platform could take care traffic 000 passengers 
hour, allowing, one hand, fcur passengers per running meter, 
the other hand, most the passengers, place going the whole 
course, will not more than two three kilometers, which will leave 
about 25% disposable places, and would increase the number 

when these figures are submitted proportionate reduc- 
tion, one struck with the great capacity for traffic that such in- 
stallation would possess. This capacity could also increased 
such manner might deemed necessary simple increase 
the width the high-speed platform, the other parts remaining the 
same, being but slightly modified. 

Blot, Guyenet and Mocomble place the cost about 
000 000 ($1 200 000) for the initial setting their installa- 
tion. They add this sum about 500 000 francs ($300 000) for the 
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running expense during the Exposition, and for the interest the capi- 
tal, and show that, with these conditions, order that the enterprise 
remunerative, would necessary carry only 400 000 passengers 
the uniform price 0.50 franc (10 cents). assumed that 
the duration the Exposition will 180 days, that would make 
little less than 000 passengers per day. The Decauville Railroad 
the Exposition 1889, whose course was very much shorter, and 
whose traffic capacity was much more limited, carried average 
640 passengers day. 

calculations relative the exploitation have been based 
upon the supposition that the electric current will furnished 
one the sectors the City Paris the price 0.06 (1.2 
cents) per hecto-watt-hour. Also, study the conditions through 
which the platform will pass has led the constructors admit that, 
fully charged, the resistance the movement will kgr. (11 


per running meter, that the whole the installation will require 


280 H.-P. measured the moving rollers. Allowing 


only 80% for the estimated power furnished the receivers and 10% 
for leakages the line, the necessary force the power station would 
about 400 H.-P., reduced 170 H.-P. for the unloaded platform. 

should also remarked that the starting would occasion 
extra effort about 20%, but this increase labor would last only 
few seconds day, and not necessary take into account 
the calculations relative the expenses the exploitation.” 


project, undertaken with the technical collaboration Mr. 
Henri Maréchal, Engineer the Ponts Chaussées, backed 
the General Traction Company and the International Bank Paris. 

comprises single-track electric railroad, having gauge 
(3.28 ft.), and electrical platform two rates speed (Plate- 
forme mobile). 

The railroad follows design the stipulated course, but some 
modifications the specifications have been required, namely, that 
the cross-roads, Rapp-Bosquet, passed viaduct, and that the 
carriages 3.15 (10.1 ft.) high and 2.50 (8.2 ft.) wide. 

The above will comprise eight trains use and three reserve, 
each having 250 places. Each train will require 140 H.-P. The cur- 
rent will distributed the entire length the track central 

The contractor requests that the power station producing the 
electricity placed within the confines the Exposition. 
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The platform, which will make the circuit opposite direc- 
tion the the Blot, Guyenet and Mocomble system, 
recently described Génie Civil (as above). The whole comprises 
fixed sidewalk, first platform moving the rate km. (3.1 miles) 
hour, and second moving double that rate speed. 

placed above the railroad, Avenue Motte-Picquet, Rue Fabert 
and Quai d’Orsay, would cross the Bourdonnais, and 
continuing, this Avenue, along the buildings the Exposition, 
would the level the second floor. 

Independently the advantages which would result from this 
course, respect the enlargement the different parts the Ex- 
position, the contractor places the combined capacity the two sys- 
tems 000 000 passengers per hour. says, besides, that 
the platform would attraction for the visitors the Exposition. 

The tariff agreed upon is: Railroad, one and only class, 0.25 
cents); platform, one and only class, 0.50 (10 cents). 

The rent toward the receipts the Exposition would 
centime (0.2 cent) per person carried the railroad the platform. 

The railroad would finished the date fixed the specifica- 
tions, and the platform March 1900.” 


Minister Commerce and Industry about sign con- 
cession for electric railroad for the transportation passengers 
the interior the Exposition 1900. Among the five projects which 
have been submitted the Commission having charge the transpor- 
tation department, the preference has been given that Mr. 
Mocomble. certainly the most original, and also has the great- 
est transportation capacity. 

will sum briefly what the project, which has been worked 
with the technical collaboration Mr. Maréchal, Engineer the 
Ponts Chaussées, comprises: First, electric railroad taking the 
current from lateral rail, and moving one direction course 
which forms, well known, closed circuit; and, second, mov- 
ing platform two rates speed, and moving opposite direc- 
tion from the railroad. 

platform will carry stationary sidewalk from which access 
can had the first platform, moving rate km. per 
hour; from this one can pass the second platform, moving 
double that rate speed. 

authors the project attribute the two combined 


hour. 
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one the articles the convention approved 
the Minister Commerce, joint stock company will formed 
place the holder the concession. This company will take the 
name: Electrical Transportation Company the Exposition,’ and 
must proceed within six months with trial the moving sidewalk 


The routes this railway, under its rights granted the Munici- 
pal Government Paris, are shown heavy solid lines the General 
Map Paris (Plate II). Much this work now under way. not 
expected that the entire system will completed before the opening 
the Exposition, but those lines leading from the railway stations 
the Exposition, and connecting the stations, will doubt ready 
for operation that time. The whole system comprises from 
miles. 

The construction requires the relocation and reconstruction 
sewers, water and gas pipes, electric conduits, work can 
done open cut; all must tunnel. This makes the work very 
expensive and very slow. The work not generally very deep below 
the street surface. The material good for excavation and handling, 
and removed fast brought from the shafts. Much the 
work carting away done night. The plans generally con- 
template two single-track tunnels small dimensions. The single- 
car system will used, and the traction plan will trolley, like 
the Boston subway. There connection with the railways, nor 
can there any. The gauge intentionally made different, and 
also the levels and other features. The fear that the railways might 
some time get authority run their cars into the city led the City 
Government take steps the outset prevent it. 

Paris depends largely upon its octroi duties for its income. Al- 
though its debts are large, its wealth property immense, and 
said equal that some the smaller kingdoms the con- 
tinent, like that Portugal and Denmark. 

The convenience the people lesser consideration than the 
financial interests the city. one the principles the Paris 
Government keep the people within the area the city proper. 
The octroi plan accomplishes this purpose; consequently, the districts 
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outside the old line fortifications not build any great 
extent there is, therefore, great suburban business upon the 
railroads. 

The details the Metropolitan Railway plans have not been re- 
ceived the author time for this paper. 


AND MEDITERRANEAN RAILWAY. 


The station now being entirely remodeled very great expense, 
said reach 000 000. The new train-shed completed, the work 
having been begun about two years ago. The plans for the main 
structure have just been approved, and work upon willsoon begun. 
will very extensive and will be, when completed, the finest and 
most commodious station Paris. 
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The following exhibits accompanied the description the ap- 
proaches and transportation facilities the Paris Exposition 1900, 
and are filed the Library the Society. 


Exhibit 


—Plan Générale. Exposition Universelle 1900. 

Plate I.) 

—Plan Universelle 1900. (Reproduced 
Fig. 1.) 

—Outline Plan Paris. (Reproduced Plate 

—Elevation Coupe Transversale Pont Axexandre 

—Two Pamphlets, Notes sur Construction Pont 
Alexandre III,” par Résal Alby. Nos. 
and the Annales des Ponts Chauséees. In- 
cluding plates, which two are reproduced 
Figs. and 


1.—Ancien Pont Suspendu des Invalides. 
2.—Construction Pont Alexandre III. Elevation and 


sections. 


3.—Plan Pont Alexandre III (reproduced Fig. 4). 
4.—Détails des Caissons des Echafaudages pour Con- 


struction des Culées. 


6.—Montage Caisson Rive Droite. 
7.—Graphiques Déscent des Caissons. 

8.—Details Masonry Abutments. 

9.—Facade Latérale Culée. 

1.—Prolongement Ligne d’Orléans Quai d’Orsay. 


Plan Général. 


2.—Profil Long. 

3.—Profils Travers Principaux. 

Quai d’Orsay. (Reproduced Fig. 6.) 
Quai d’Orsay. Plan niveau rez-de- 


chaussée. 


6.—Gare Plan niveau des voies. (Re- 


produced Plate IV.) 


1.—Chemin Fer Ligne Courcelles-Centure 


Passy, Champ Mars. Plan général. 


2.—Profil long. 
3.—Encorbellments béton armé, Systéme Hennebique. 


(Reproduced Fig. 7.) 
Notice sur Construction Pont Mira- 
beau. With two photographs. 
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REPORT FULL THE FORTY-SIXTH ANNUAL 
MEETING, JANUARY 18th AND 


Wednesday, January 18th, 1899.—The meeting was called order Meeting 
10.15 o’clock, President Alphonse Fteley the chair, Charles 
Warren Hunt, Secretary. 

The meeting will please come order. You 

know, gentlemen, that under Section Article VII the Constitu- Appointed. 
tion the polls close o’clock noon to-day, but were wait 
until that time appoint the tellers the counting would take long 
that would bring too late the afternoon, and has been usual 
similar appoint the tellers the beginning the 
meeting, and ask them commence their count, with the under- 
standing that anybody who has not voted can until o’clock. 
there objection, will follow the precedents that matter, 
and the chair will appoint tellers Mr. George Rice, Boston, 
and Mr. William Kelley, New York. these two gentlemen 
want take hold they will find that our employees will give them all 
necessary assistance. 
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Mr. Secretary, believe that the first thing order the reading 


The Secretary read the minutes the meeting January 4th, 


1899. 


The there any remarks corrections suggested 


the reading the minutes? 


stand read. 


There being objection, they will 


The report the Board Direction now order, Mr. Secre- 


tary. 


The Secretary read the Report the Board Direction.* 
The Treasurer read his 
The Secretary read his report.{ 
The have also the report the Finance Commit- 


tee, believe. 


The sir. The chairman the Committee does 


not seem here. 


The might present now. 


The Secretary read the report the Finance 

The you have heard the reading the 
reports the Board Direction, the Treasurer, the Secretary and 
the Committee Finance. Whatis the pleasure the meeting 


regard those reports? 


move that they accepted and placed file. 

The motion was seconded and carried. 

The you read now, Mr. Secretary, the report 
the Committee Recommend the Award Prizes? 

The Secretary read this report. 

The requires action from the Society, gentle- 
men, and come now the reports Special Committees. First, 
have the Special Committee the Proper Manipulation Tests 
Cement. believe the Chairman the Committee present. Will 
Mr. Swain kindly come forward and read the report? 

Am. Soe. E.—We submitted this report, Mr. 
President, because felt that the Society was entitled report 
from every committee, that the members the Society who were 


interested might know what was being done. 


large number 


replies our circular were received, and have the abstract here, 
and this, gentlemen (showing bulky package) the abstract. (Laugh- 


ter.) digest that will require some further time the part 


members the committee. 


*See Proceedings, Vol. xxv, 


+See Proceedings, Vol. xxv, 15. 


Proceedings, Vol. xxv, 16. 


See Proceedings, Vol. xxv, 20. 


See Proceedings, Vol. xxv, 


great many members the Society, 
whose information this subject would great value, have not 
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replied our circular. shall endeavor, the next few months, 


obtain their replies, and devote all the time can the prose- 
the work. 


Prof. Swain read the report.* 

The you have heard the report the Chair- 
man the Committee Cement Tests. The chair waiting for 
motion regard it. 

Joun Am. E.—I move that the report re- 
ceived and placed file. 

The —Received accepted 

that the committee continued. 

Mr. accept that amendment. 

The moved and seconded that the report ac- 
cepted and placed file. Those favor please say aye; contrary, no. 

The motion was carried. 

The have not got the report from the Committee Report 


Standard Time, but have letter from the Chairman, which will 


read now the Secretary.. 
The Secretary read the following letter: 


January 16th, 1899. 


Secretary American Society Civil Engineers. 


Special Committee Uniform Standard Time has 
been long continued the Society, and although has not entirely 
completed the task assigned it, sufficient success has attended its 
efforts justify the request that the members may relieved from 
their duties and the Committee discharged distant date. 

Committee was appointed June 15th, 1881, the occa- 

sion the first Convention the Society held Canada, and has 
tle- been continued ever since; that say, for period nearly eigh- 
rst, teen years. 

difficulties which necessitated investigation and the appoint- 
Vill ment committee examine and recommend what course should 
followed will remembered all who were active members 
the Society nearly generation ago. To-day, owing large meas- 
Mr. ure the intervention this Society, the conditions are happily 
port changed and may well recall briefly the which 
were lel this Society take leading part overcoming evils which more 
The great net-work lines transit with their ramifications, 
nere, from ocean ocean which had been and were being established 
ugh- America created and commercial conditions which never pre- 
viously existed the history the human race. These new conditions, 
due mainly the application steam and electricity locomotion 
and telegraphy, had affected the relations time and space man- 
not ner which forced itself the attention, especially those who were 
connected with railways. 

system reckoning time, inherited from the preceding cen- 

turies, proved this stage the progress civilization 


See Proceedings, Vol. xxiv, 192. 
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defective. baffled business men their arrangements. led 
confusion and sometimes loss life. was consequently productive 
difficulties one kind and another. It, fact. became public 
importance that body such the Society Civil Engineers should 
direct its attention the subject and make effort discover the 
means removing acknowledged impediment trade, commerce 
and general intercourse, and such discovery promote our public 
interests and public safety. 

are disposed retain traditional customs account 
theirantiquity. cling with affection even faults and imperfect- 
ions made venerable use and wont. The patient public may 
willing endure evils without enquiring into the cause, but railway 
men were brought face face with difficulties acute form, which 
their fathers had never conceived, and they had been compelled 
adopt means meeting them best they were able. Butthe remedy 
applied individual railway managers only lessened the evil. 
operate railways with some approach safety, each manager arbi- 
trarily set time-zero for the running trains the lines 
under his charge. examination the guide books showed that 
there were irregularly chosen railway time-zeros within 
the United States and Canada, and these added the additional 
time-zeros used various cities and towns throughout the country, 
the need for unification and reformation will once manifest. 

few sentences will give some indication the problem 
placed before the Committee for solution. There was entire ab- 
sence uniformity and agreement the multiplicity time-zeros, 
and the work the Committee was patiently investigate the whole 
subject every detail and ascertain how far would practicable 
introduce some more simple and satisfactory system reckoning; 
some system which would meet every condition which had arisen 
which hereafter might arise. 

Committee recognized the magnitude the problem which 
they were called upon solve. The enquiry they entered upon 
demonstrated that was not local question, question confined 
within the limits America, but one, indeed, which concerned all 
nations, especially all nations advanced civilization; they formed 
the opinion that looking for true solution, which would per- 
manently useful the people the continent, they must find one 
which would prove effective and acceptable tothe whole world. While 
the existing conditions society necessitate the preservation boun- 
dary lines between one nation and another, the people every nation- 
alty have common patrimony many things, such the and 
heat the sun, the seasons, the definite spaces time which earth 
and sun, their marvelous motions, measure off for day day. 
was desirable and expedient, therefore, that the Committee should 
take narrow view the subject which the Society had confided 
them. Patient enquiry and investigation led the Committee see 
that the proposition placed before them, was find the best system 
time reckoning for the world; and this Society, acted all, was 
called upon take leading part movement determine sys- 
tem which, its simplicity and appropriateness, would commend 
itself eventually toevery nation the face the globe. 

known America. The Committee, which have long had the 
honor being Chairman, was led adopt ideal standard. The 
Society its part accepted the views its Committee, and, the 
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public interests, has steadily followed wise course promoting the 
great objects aimed at. Ido not now propose recapitulate the action 
taken year year. will only state that the co-operation other 
societies was sought and means were taken invoke the authority 
the President and Congress the United States order assemble 
delegates and representatives all civilized nations, and through them 
advance the movement this and other countries. Many obstacles 
have been met with, some which have been removed, while others 
still remain overcome; but entering upon sweeping refor- 
mation, was not expected that ail would plain sailing, that 
the undertaking would entirely accomplished without some diffi- 
culty and much delay. 

accepted scheme may described the complete unifica- 
tion time throughout the globe. Its central feature the estab- 
lishment universal standard day with its hours numbered 
single series from 24, defined the Washington International 
Conference. This recognized the true common standard time 
for all people, for all purposes. designed that this standard 
all time-reckonings all parts the earth’s surface, whether sea 
land, shall directly related. The World’s Standard super- 
sede all such divisions present are designated solar time, civil 
time, local time, astronomical time nautical time. The design 
that these and all such conventional distinctions are eventually 
abolished and only Standard Time known. 

Much yet remains effected, but can with some satisfaction 
add that much has been accomplished. can least claim that the 
principles the reform have been firmly established and that some 
advance has been made applying them every-day life each one 
the five continents. The hour-zone feature standard time has 
long been force throughout North America; has been accepted 
Europe, India, Japan, Australia and South Africa. True, have 
not succeeded getting the railway managers the United States 
unitedly adopt the secondary feature Standard Time known 
the 24-hour notation, but through the efforts this Society has been 
ascertained that the large majority managers are individually 
favor the reform. Standard time obviously incomplete without 
the 24-hour notation. find adopted its complete form the 
Canadian Government Railways between Halifax and Montreal and 
every line railway north the 49th paraliel west Lake Superior. 
find Belgium and Italy enforced statute; find use 
India and China. The construction the great Siberian Railway 
must have the effect introducing many reforms Russia and can- 
not doubt that the adoption standard time its most perfect form, 
will, owing geographical conditions, one them. Much the 
same may said respecting the unification time sea and the 
change astronomical time. Seamen are almost unanimously favor 
the one, and the large majority astronomers throughout the world 
are favor the other, but, far, united action either case has 
not been reached. 

SANDFORD FLEMING, 


The will notice, gentlemen, that the beginning 
this letter, Mr. Sandford Fleming asks that his committee dis- 
missed. What the pleasure the Society regard 
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missed now, does ask that dismissed some future time 
The from letter): 


Special Committee Uniform Standard Time has been long 
continued the Society, and although has not entirely completed 
the task assigned it, sufficient success has attended its efforts jus- 
tify the request that the members may relieved from their duties, 
and the Committee discharged distant date.” 


for this body judge what might called ‘‘no distant 

Am. Soc. E.—How many years has 
that Committee been existence 

The years. 

Mr. seems me, Mr. President, that should 
feel lonesome without that Committee. 

the report the Committee accepted and placed file and the 
continued. seems that the phraseology Mr. 
Fleming does not mean that discharged present, but that 
hopes within year two have completed its work. 

The anybody desire speak that motion? 

Mr. would like ask, Mr. President, the 
Committee yet complete committee? 

The not, sir; but that does not motion 
Mr. Morison, because there cure for that the powers the 
Society. 

The action the Society some years ago, 
not possible, legally, unless the action reversed, accept this 
report the Special Committee. The rule is: That reports special 
committees must placed the hands the Secretary least 
thirty days before one the general meetings, and issued all 
members the Society for the purposes discussion before they 
can accepted, and not think that Mr. Fleming intended 
more than present informal statement what the Committee 
had accomplished—not report the Committee. 

The Prestpent.—I not see that that changes the position all; 
because, assuming even that the Committee has not report, 
has simply been derelict its duty, and does not interfere with its 
existence any way whatsoever. that not see that any the 
remarks made have anything with the motion which has been 
presented. will now ask for vote. The motion Mr. Morison 
that the report the Committee accepted and that con- 
tinued. 

Mr. think the proper form motion that the 
report received and placed file and the Committee continued. 

The Presipent.—Can you call that report? That the question. 
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The have heard the motion, gentlemen. All 
favor please say aye; contrary, no. 

The motion was carried. 

The believe that one the members, Mr. 
Corthell, desires read the Society communication regard 
subject that has very much heart and considers some im- 
Mr. Corthell will kind enough rise and read his 
communication, would glad hear it. 

Am. Soc. E.—Mr. President and gentlemen, 
rather unprepared for this. the President said, subject 
have had heart. That is, something that have been wishing 
carry out for several years, lines which this Society had re- 
quested three years ago when convention the Hotel Pemberton. 
that time presented communication showing some corre- 
spondence with engineers various parts the world reference 
the establishment International Institute Engineers, but 
the consensus opinion was that the time had not then arrived, but 
that such thing was practicable, which was very much doubted 
find now the action, there was any the time, this Society, 
its Board Direction, that subject.* have not the papers 
with me; but rezollection that that time the whole matter 
was referred the Board Direction, which decided that there might 
not leave you judge from the records. But during recent 
visit about twenty months Europe met great many engi- 
neers, both the Ponts Chaussées engineers France, Holland and 
Belgium, and the civil engineers. have talked with, have written to, 
and have letters from, three very prominent engineers the 
French Government, whose names not care mention, but they 


The matter which Mr. Corthell refers follows: 

Action Board Direction, October 1st, 1895. 

the Annual Convention communication was presented the Society 

Corthell, Am. Soe. E., entitled ‘Résumé Correspondence from Engineering 
Societies Relating Establishing Closer International Relations,’ and his motion the 
subject covered this communication was referred the Board Direction, with the 
request that they give the matter careful consideration and action.’ 
The Board Direction has carefully considered the whole matter, and heartily 
accord with what appears the prevailing sentiment favor cultivating con- 
tinued closed and fuller relations between the engineering societies the civilized 
world. believes, however, that the true means attaining the desired end would not 
found international institute, and agrees with the view well and clearly ex- 
pressed behalf the German Association Engineers and Architects our Corre- 
sponding Member, Mr. Charles Otto Gleim, Hamburg, the present desirability 
limiting the scope the movement toward union and following the course inaugur- 
ated Chicago 1893 series International Congresses, leaving future devel- 
opment the question whether these congresses will gradually grow more permanent 
organization.’ 

the judgment the Board Direction, therefore, not expedient for the 
American Society Civil Engineers, this time, take any steps toward the formation 
International Institute Engin2ers Architects, but that, society, should 
hold itself participate all efforts put upon enduring 
basis the kindly, social and technical relations which marked the Engineering Congress 


Proposed 
International 
Congress 
Engineering. 
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International are men whom you know very well. one that has been 


Congress 
Engineering 


(continued). 


difficult adjust, and subject which, publicly, not care 
into extensively; but any engineer who has been Europe much 
and has associated with those two classes engineers, knows that 
there lack harmony which might interfere with cordial co-opera- 
tion any engineering congress held Europe. We, this country, 
forming congress, did, 1893, were free from that lack 
cordiality, and both classes engineers Europe united with us, and 
had, all the world knows, very successful engineering congress. 
fact, may speak word about it, generally understood that 
was one the best and most useful the congresses Chicago 
during those six months. might say that have taken the matter 
with some the members the Institution, London. They recog- 
nized this trouble. About month before leaving Paris, perhaps 
October, had two conferences with Garriel, who the Govern- 
ment Director all the congresses that are held Paris 1900, 
and was unable solve the problem how the proposition even 
had better brought before him. has the direction all new 
congresses, and all old congresses, such the Railway Congress, 
the Congress Navigation and the Society Tests. All those 
established societies are hold congresses the time the Paris 
Exposition, and all are under the management this director, 
simply arrange for places and times for them. has nothing 
with the organization and methods conducting congress like 
the Railway Congress; but when new congress proposed, then 
does have something with it, the way advice, and, perhaps, 
direction. 

Not being able get anything definite from Garriel how 
this had best done, proposed the French society, which 
member, that the whole question considered, and set before 
them, letter which have here, this trouble which had found 
conferences with engineers various parts Europe. Ido not 
think necessary for read this letter. would only take 
time. will give running account best can, that you 
may understand the situation. After presenting this letter the 
Society —and letter that hardly readable, wrote the most 
simple language could, translate into French, which did 
halting fashion, speak before the monthly meeting that society; 
would make you should read it, and that one reason why 
not care so;—after was presented the Secretary the 
Society, the day before meeting, Loreau, the President, 
sent kind invitation take his residence with him 
the following day, and there the matter was discussed, well 
could discuss with him, knowing very little French and knowing 
English. But got the idea, and suppose got idea 
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(Laughter). hope did, any rate. went back hotel, and 
wrote letter him, meeting some the points that had raised. 
One point was that there were congresses that took many questions 
engineering, and perhaps the necessity advisability general 
congress was not apparent now was 1893; and may 
allowed will read that letter, which very short. 


Following our conversation this date your residence, let 
add few words relating the proposed Engineering 1900. 

aware that recent years there have been permanently or- 
ganized several International Congresses which some the features 
partake engineering, and that first thought might appear that 
the urgent necessity Engineering Congress 1900 might have 
passed away, but little consideration will show that the subjects, 
purely engineering, taken the Congresses already organized cover 
but small part engineering. The Railway Congress deals largely 
transportation matters, the Congress Tests refers only the char- 
acteristics materials. 

will now mention few only the important Engineering sub- 
jects which might profitably discussed the proposed General 
Congress Engineers, and for which purpose permanent Congress 
held every two years might profitably organized without 
any way interfering with the subjects any present organized Congress: 

(a) Bridges, tunnels, foundations all kinds, municipal engi- 
neering, sewers, water supply, street pavements, rapid transit and 
development water powers. 

Mechanical engines, boilers all 
kinds and classes. 

Mining Engineering and Metallurgy.—Methods mining gold, 
silver, copper, iron ore, lead, salt, etc. The processes manufacture 
and refining. 

Electrical Engineering.—Lighting, tramways, power, tele- 
graphing, machinery all kinds, not purely science but 
electricity applied engineering works and purposes. 

Marine Engineering and Naval Construction.—The field here 
vast and important with the present and future development steam 
navigation upon ocean, lakes and rivers, and especially the develop- 
ment naval vessels, armament and ordnance. 

the ordnance the present day, the whole field ordnance for armies. 

Engineering Education, which, present and the future, 
absorb the attention Engineering Educators and great 
interest the engineers the coming century. 

The field broad and important that can only glanced 
over here. 

Then addition and still greater importance than purely tech- 
nical work the personal and the professional intercourse the Con- 
gress, and the help all would receive from the reports, discussions and 
decisions such Congress subjects live and absorbing interest 
engineers all over the world. 

am, sir, yours sincerely, 
Président Société des Ingénieurs Civils.” 
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previous letter the Secretary suggested that order 
avoid the obstacle which have spoken, the same organization 


which produced the Chicago congress, the same committees—differ- 


ently constituted the personnel, course—should undertake, 
the United States, form congress held Paris. 
But think the French engineers—I speaking civil en- 
gineers—are somewhat opposed that. They think that con- 
gress held Paris, they are the men form it, and think 
perhaps they are right. Perhaps would more successful, and 
would have conduct this business arm’s length. 

Now, that all have say about it, except this, that saw the 
Secretary the French Society the day before left, early Decem- 
ber, and told that the Committee which communications 
were referred for consideration had not acted upon them, but would 
act very soon. That isthe reason this matter has been held back here 
this last moment. week cabled the Secretary asking him 
cable the action the Society, having view this meeting. 
have not heard from him. Consequently, think all that can 
done here decide whether would advisable co-operate 
with the French Society, the French engineers, organizing 
International Congress Engineering 1900. 

The the pleasure the Society regard 
this communication? 

Mr. make this motion—and let say that this 
subject that cannot very well discussed this meeting; have 
not time for it, and apologize for bringing the matter you 
this inchoate condition. Therefore, make this motion, Mr. 
President: That this communication and the subject Interna- 
tional Engineering Congress Paris 1900, referred the 
Board Direction. 

Mr. —Wouldn’t well have Mr. Corthell, the pro- 
moter this idea. connected with that 

The not doubt that the Committee having this 
matter charge will happy indeed have the assistance Mr. 
Corthell and call him their council. 

Committee that appointed. 

Mr. me. would not like have that. Iam 
willing leave the whole matter, did before, the 
Board Direction. they wish get from any ideas about 
confer with m2, would very glad called before 
them. 

The Mr. North’s idea that instead referring 
the Board Direction committee should appointed? 
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Mr. not wish antagonize the motion. withdraw 
remark. 

The the motion Mr. Corthell stands, the 
effect that this matter referred the Board Direction. Those 
favor, please say aye; contrary, no. 

The motion was carried. 

ness order now? 

The have one more communication, Mr. Prout, 
that should like present the meeting. 

The have received the following letter: 


1900 
HARLES WARREN 


Secretary, American Society Civil Engineers, 
No. 220 West Fifty-seventh Street, New York: 

Director Civil Engineering and Transportation 
for the American section the Paris Exposition 1900, desire, 
earliest practicable date, submit the subject person your 
Society, co-operating with the matter Engineering Ex- 


hibit. 
Will you kindly advise when can have such opportunity and 
will endeavor make arrangements accordingly 
Sincerely yours, 
Director Civil Engineers and Transportation.” 

The Secretary has communicated with Mr. Smith, but has not since 
heard from him. Mr. Smith may even here now, but the Secretary 
does not know him sight. 

The certain extent regretted that Mr. 
Smith was not able come here give his views. 
seems matter importance, and the Society may like 
take some action regard it, even its incomplete state. Will 
you give the communication, Mr. Secretary? 

means that the Civil Engineering and Transportation Committee 
for the American Section the Paris Exposition would like ask the 
Society will co-operate with them the matter engineering 
exhibit. this plain enough for the Society make motion the 
effect that should referred somebody order hear Mr. 
Smith? 

Foster Am. Soc. E.—It seems that isa 
proper matter referred the Board. would naturally 
them. motion necessary, move that the communication re- 
ferred the Board Direction. 

The moved and seconded that the communication 
Mr. Smith, Director the Civil Engineering and Transportation 
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Committee for the American Section the Paris Exposition 1900 
referred the Board Direction. Those favor this motion 
please say aye; contrary, no. 

The motion was carried. 

The Mr. Prout, should happy hear 
from you. 

that would like offer: 

Whereas: The use the o’clock the notices the 
Society has not accomplished, and not likely accomplish, the end 
for which was adopted, and tends create confusion and sometimes 
ridicule even among members this Society who have been familiar 
with for some years; 

Resolved: That the sense this meeting that the use 
this system should discontinued, this can accomplished without 
discourtesy its former advocates, and 

further Resolved: That the Board Direction requested 
order its discontinuance the official publications the Society, 
whenever, its judgment, the above condition exists. 


have put the resolution that shape, sir, order get over 
what seemed the main argument last year against the abolition 
the system notation; namely, discourtesy the 
committee which has worked long and faithfully introduce it. 
you see, Mr. Fleming now seems realize that not much more can 
accomplished the way introducing the system. We, 
Society, have certainly done our part. have continued use 
that notation our official publications, now, ever since 1886, be- 
lieve; and venture say that there are not the gentle- 
men present here who this moment think the system. 
presume that 98% them have stop and translate those notices. 
Certainly, the aggregate, that considerable inconvenience. 
think that true also that has somewhat belittling effect before 
the world. People who think that heretake seriously, look upon 
us, far that goes, rather set cranks faddists; that is, 
that are pursuing hopeless thing carrying this 
notation our official publications; and while should 
the last man discourage the spirit martyrdom, still not 
willing martyr without producing any effect. Therefore have 
introduced this resolution. 

Knap, Am: E.—In seconding this resolution, 
Mr. Chairman, hardly wish repeat the remarks made year ago 
introducing it, and, think, last year was defeated, not because 
the majority were not favor the motion, but because, the mover 
states, they did not wish show discourtesy the committee who have 
worked long and faithfully. always been favor that 
from the start, long there was any hope its being introduced, 
especially the railroads the country. None them has intro- 
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duced the system, and other body that know of, with the excep- 
tion, perhaps, railroads Canada, has introduced that system, and 
its adoption there does not affect here. seems me, sir, that 
should vote for this resolution and carry out, especially left 
the Board Direction examine into further and use their dis- 
cretion doing away with this system. 

Mr. not little premature vote that certain 
practice discontinued, and then refer the matter the Board 
Direction? That virtually what this resolution does. the first 
place, the preamble stultifies the Society. says that certain things 
had not been accomplished which had hoped accomplish, and that 
they are not likely accomplished. not think want say 
that. further states that what have been doing tends create 
confusion and sometimes ridicule. not think, even that the 
fact, which not believe, that want confess our sins that 
public manner. not think that this Society should pass resolu- 
tion criminate itself. free say that believe most thoroughly 
the system. also feel that, however such thing may 
abeyance for time, will ultimately come up, and that, the end, 
shall gain having remained firm our original purpose. cer- 
tainly matter which need not hurry about now. There may 
many who have stop and think— many the Society who have 
stop and think—what o’clock means. agreat many who 
will save good deal time when they figure the difference between 
and 22, but still, that the old argument the good people 
Philadelphia who claim that their Quaker origin has enabled them 
figure interest and the difference time between the days the week 
and different months quicker than anybody else can. But that 
may, this matter can just well acted upon, acted 
upon, the time that Mr. Fleming anticipates, when will ask that 
his committee discharged; and would therefore move: That this 
matter referred the Board Direction reported the 
Board the next Annual Meeting. 

Am. E.—I second, very heartily, Mr. 
Morison’s motion. believe that this 24-hour system enormous 
importance. believe that, could get the railroads adopt it, 
half the accidents would not happen that happen. There 
question then about have had experience myself 
that, telegraphing. respect steamboats, running down the 
river, always make them report when they arrive. first the tele- 
graph operator refused receive dispatch because all clerk 
reported was Arrived knew where boat was. didn’t 
care about the telegraph operator. You will find that all these acci- 
dents the railroads are mainly from and have 
and the system. All astronomers use the 24-hour 


J 
4 
3 
4 
| 
| 
> 
J 
q 
e 
q 
it — 


REPORT THE ANNUAL MEETING. [Society 


system. may considered, Mr. Morison, fanatic that point, 
System but say that practical, and believe that ought 
(continued). insist upon it. Everybody objected having the change meridian 
first. was long time before that was established. The Detroit 
people had three times, think—local time, railroad time and some- 
body else’s time. finally got that adopted, and there trouble 
about this. can and the simplest way measure time. 
God gives that measure. All astronomers measure the same way, 
and there mistake when you measure the right ascension for 
star, many hours, whatever is; but that finishes the 
whole business; you know where find it. 

Mr. President, would like state just one word 
answer one the points that Mr. Morison made: namely, that the 
resolutions point the discontinuance this system, and then leave 
with the Board. They were worded designedly. The resolu- 
tion is: That the sense this meeting that the use this 
system should discontinued, this can accomplished without 
discourtesy its former Then the Board Direction 
requested order its discontinuance whenever, its judgment, 
the above condition exists;” that is, that can accomplished with- 
out discourtesy its former advocates. see inconsistency 
this. 

Mr. that amounts is, voting now the Society 
Annual Meeting discontinue the use the system. 
That much positive. It, then, having taken that action, charges 
the Board Direction with some method doing this—with the task 
discovering some method doing this with the utmost 
not think that the proper kind thing refer the Board 
Direction. the Society should either act first positively 
and bear the whole burden its own discourtesy, there dis- 
courtesy, leave the whole thing the Board Direction. 
not like the idea voting down meeting, without notice, prac- 
tice which has existed the Society for great many and then 
ask the Board find some means which the Society will 
politely. think should either refer the whole matter the 
Board Direction, nothing. therefore make the motion which 
did and which may considered, presume, amendment Mr. 
Prout’s motion. (Seconded.) have been asked repeat that 
motion, will state that move that this subject referred the 
Board with request that they make report the next 
Annual Meeting. 

The you offer that amendment Mr. Prout’s 
motion? 

Mr. will make amendment. 

The amendment? 
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Mr. 


Mr. Foster remark the original motion now 
order? 


The minute, please. you mean the Annual 
Meeting the Convention? 

Mr. Annual Meeting. 

The Annual Meeting January? 

Mr. 

Mr. remarks the original motion still order, 
Mr. President? 

The 

Mr. would call attention the fact that this 
resolution, while aimed the discontinuance the notation 
the literature the Society, really seems directed the 24- 
hour notation general; and pass that resolution would look 
was declaration, the part the Society, that the principle 
the 24-hour notation was not correct one and should abandoned. 
not know whether the phraseology the resolution clearly 
that; but that the way strikes me, and, therefore, think that 
this motion were prevail would doing more than even the 
author the resolution intended. The preamble says, Whereas: 
The use the system the notices the Society has not 
accomplished, and not likely accomplish, the end for which 
was adopted.” That clear enough. the resolution that the 
use the system discontinued, implies that are not favor 
even the idea. with the gentlemen who have spoken, and 
have previously expressed myself the effect, that the ultimate 
importance this measure, the practical importance this measure, 
worth whatever ridicule misunderstanding may created the 
minds few people outside the Society who know that use 
this notation. The declaration, however, the Society that 
not approve it, even such limited way, would abroad and 
would have its effect discouraging further efforts this eminently 
practical direction. cannot exactly see why much stress laid 
the difficulty making the calculations our minds the 
notices the Society, when think the immensely greater diffi- 
culty that going all the time, the part all the people, 
satisfying themselves whether means o’clock the 
morning o’clock the afternoon. 

Mr. ask better argument than that. 

Mr. was, course, referring the difficulty outside 
the Society. hope Mr. Morison’s amendment will prevail, and 
that the Society will not take any action this time; especially 
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Discussion have just the report the Committee, which, far goes, 
distinct contradiction this resolution. 

The amendment order; yes, sir, 

Mr. amendment 

The another amendment; no, sir. 

correctly, was originally ordered our publications that the two 
systems put all our records—8 o’clock and o’clock 
brackets, vice versa. That was educational, and that was main- 
tained for number years. Then some authority, not re- 
member what, think resolution; think the extremists were not 
satisfied with that, was ordered that the ordinary time wiped 
out. Since then have been using the 24-hour system solely, and 
not educational. The very purpose which was originally intended 
was the purpose educating ourselves. have failed that, be- 
cause now does not meananything. You nothave before your eye 
the two times get acquainted with them. Now seems there 
half-way measure here; can step back that, and put our time 
all our publications according the ordinary system, and the 
afterward brackets wished to. will cost very little for 
type and will get the benefit the education. That will not stul- 
tify our past action and will not make ourselves ridiculous, our 
friend Mr. Prout says. strikes compromises the two and 
accomplishes the purpose and the same time, before remarked, 
does not stultify our past action. 

any one thing admire societies individuals courage, and 
there any one thing that regard the highest form courage, 
is, after you have fallen been led into course action for which 
there warrant, that you should, when the fact becomes apparent 
you, correct it. not think there any opinion that held 
more strongly this Society than that the system ridicu- 
lous, and ridiculous for this reason, that the Almighty divided the 
hours into day and night, and you send out invitations for 
o’clock tea, presuming that you were ladies’ society, you would have 
none your callers come the morning. the same 
way, there hardly incident man’s daily life the actions 
society, that requires the fact defined that not the 
middle the night that not the first the morning. The 
mere invitation come meeting this Society implies that 
the usual hour which such meetings are held. Such meetings 

usual hour would not mean anything. 

Mr. beg your pardon, sir; did not exactly hear. 
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The usual hour would not mean anything. 

Mr. usual hours for doing things are well fixed 
that not think necessary should make them ironclad. 
want become very precise should imagine that would 
divide the year into hours, and call meeting for the thousandth 
hour, and then could dispense with days (laughter). 

Mr. Chairman, back, Mr. Cooper did, the beginning 
this movement, took its rise the confusion time tables—by the 
time tables not stating showing their face whether the hour 
the train was night the daytime. That was good point 
define the difference between, because when you are dealing with 
time tables, with trains run all day and all night, and when your day 
divided into two parts, the hour which you are speaking not 
clearly defined. fact, not defined, and great deal com- 
mon sense and proper discretion was necessary those days 
define the two. The solution was print the numbers darker for 
the afternoon; that is, the hours after the meridian were printed 
heavier type than the morning hours, and then the thing was done 
with. Anyone who looked time table did not have figure out 
whether was dark light type; could see it. Anyone who 
looked time tables the system had figure out, 
and, like one our enthusiasts the subject, often figured 
wrong. Therefore, Mr. Chairman, heartly favor not only 
adopting Colonel Prout’s motion, but, for myself, would farther— 
favor dispensing with that thing ina minute. would get rid 
quickly that would want even forget the fact that this 
Society for over ten years has been going contrary common sense 
and its own beliefs. (Laughter.) 

Henry Am. Soc. E.—I hope that may par- 
doned for adding few words more this discussion, and 
because want present this subject aspect which have 
not yet heard discussed this meeting. may preface the few 
words have say stating that subject with which 
quite familiar, was chairman one the committees the 
railway managers which introduced what know the ‘‘standard 
system time” the actual use the railroads this country, 
and subsequently, President the American Railway Association 
for nine years, this matter has been before very often. will add 
that there one part this preamble with which entirely 
accord, and that that the use the system not likely 
accomplished. 

don’t agree with you. 

Mr. have told you what experience has been the 
matter. think anyone who familiar with this whole subject, 
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far the railway system this country will agree that 
have had good deal experience this matter. Iam not ex- 
pressing views the advisability, theoretically, the appli- 
cation the system the uses the business world. 
only telling you that the railway managers this country not 
believe that practicable apply the operation railway 
trains. The matter has been before the American Railway Association 
time and again. has been brought before that Association through 
the medium this Society, and say, that far this Society being 
able accomplish the application the system the 
operation railway trains this country, not believe that they 
think that what about say would more effect because 
what have just stated, and that that not all sympathy 
with this motion, and will say why not. This not motion 
which disposes the subject proper way. There is, under- 
stand it, special committee which this Society has given this 
subject. That Committee has not yet made final report. have 
simply here letter from the Chairman that Committee expressing 
his individual views, which certainly has not asked that the 
committee may discharged; but intimates, understand his 
letter, that the time approaching which hopes that can 
discharged, for the reason that will have accomplished its purpose. 
Now, why preclude that making report the sub- 
ject which has been committed it? Why preclude that Committee 
from making report resolution this character? objec- 
tion this resolution one that have not yet heard stated, and 
that that not courteous the committee that you have 
appointed, dispose the subject committed itinthis way. Ido 
not know what gentlemen are that Committee, but there 
member that Committee present think ought get and 
say something favor the Committee and the Chairman who has 
written that letter, and hope that the gentleman who has offered 
this resolution will withdraw it. say, not question 
whether you will favor the system not. question 
whether that proper respectful way which treat one 
your special committees. 

Am. Soc. E.—In the discussions last 
year and this year the merits the 24-hour system are taken up. 
Now, wish vote against Mr. Morison’s amendment and favor 
this original motion; but heartily favor the 24-hour system. 
the notices and our calendar. That the one point question 
the present time—whether shall continue there—and intend 
vote have said. Still, ready advance any way the 24- 
hour system when can done any advantage. 
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criticism the courtesy the original motion. the amend- 
ment open the same criticism, discourteous the Board 
Direction restrict their action the next Annual Meeting. 
think can obviate both objections amending the whole—to 
referred the Board Direction with power act. They are our 
representative body. make motion that effect. 

The motion not order now. 

move that the question laid the table. 

The there any more remarks? 

Mr. wish add just one word the courtesy matter. 
The remaining members the Committee are Mr. Sandford Fleming, 
Mr. Charles Paine and Mr. Theodore Ely. Twoof those gentlemen 
count among closest personal friends, and should the last 
man the world say anything discourteous either. The 
purpose this was put the hands our Board Direction, 
which can always trust, the reasonable and courteous thing; 
and imagine that goes them this shape, the Board 
Direction will see that the thing engineered through without hurting 
anybody’s feelings, and will let the Committee out the most 
graceful manner possible. 

Seaman’s motion. While another motion was made and seconded be- 
tween, should think that was out order, because neither the 
gentleman who made the motion nor the gentleman who seconded 
was recognized the chair. Therefore second Mr. Seaman’s 
motion. 

subject the table think takes precedence all other motions and 
not debatable. think the only matter before the meeting the 
motion lay the table. 

Mr. motion lay the table was not seconded. 

Mr. seconded it. 

Mr. seconded the motion lay the table with 
loud voice could. 

The more remarks, gentlemen? (Question called 
for.) moved and seconded that the matter laid the table. 
Those favor this motion please say aye; contrary, no. (Division 
called for.) believe will have ask the members stand. 
Those favor laying the motion the table, please rise. 

Seventy-nine members rose. 


The opposed laying the motion the table, 
please rise. 


Twenty-one members rose. 
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The motion laid the table. 

short time ago, gentlemen, read you acommunication from 
Mr. Willard Smith, which was referred you the Board 
Direction; but inasmuch Mr. Smith has come since, and may have 
some interesting remarks make, will ask him develop the 
subject his letter the meeting. 

Civil Engineers: will only occupy your time very briefly, and only 
that you may have the subject which has been presented you the 
letter fully before you this time. the Paris Exposition 1900 
there the important department Civil Engineering and Means 
Transportation. One the principal buildings the Champ 
Mars allotted this subject. There also other space incidentally 
given You will observe that the title the department, very 
properly, Civil Engineering comes first. the intention the 
Direction the Paris Exposition, the leading members which are 
themselves civil engineers wide reputation, make this department 
much more important one than has been any previous exposition. 
They are giving especial attention the historical features. There 
department the whole exposition called the Retrospective Depart- 
ment, the object being illustrate the progress all departments 
arts and sciences during the century which just closing. this 
department there are large committees French business men, engi- 
neers and others, representing every department industry, and 
among these the very important committee engineering. 

The chairman this committee has recently issued letters French 
engineers throughout the whole nation, asking for their hearty co- 
operation and defining the outline the work. course the ad- 
vancement civil engineering during this century really surpasses 
anything else that can shown the whole exposition. This has been 
undertaken systematically the French engineering societies and 
the various business orgunizations with which the various engineers 
are connected. The same work has been undertaken Great Britain, 
and liberal scale Germany, where all the engineering and tech- 
nical societies are uniting for exhibit somewhat similar, but possibly 
more complete and larger even than that which they made the 
World’s Columbian Exposition Chicago, 1893, which many you 
will remember possibly the largest and best engineering exhibit 
which has ever been made anywhere. our desire that civil engi- 
neering America should equally well represented, and know 
better way than ask the outset the co-operation this 
Society through proper committee, even that this Society should 
take charge that subject. have presented the matter the 
Western Society Engineers, who will undoubtedly co-operate. The 
method doing has not been fully determined. shall have, 


assured, some very interesting and important engineering models; 


notably one the new drainage canal Chicago, and connection 
with that hope for working models all the varied machinery used 
its construction, than which probably there could more interest- 
ing modern engineering exhibit. You the American Society know 
better what ought exhibited, and, consequently, what can 
exhibited, fair this kind. Some small particulars may 
interest you. the ground floor the Department building 
the Champ Mars there are 640 sq. ft. the gallery, which will 
undoubtedly devoted largely models and engineering exhibits, 
and which very accessible light and very desirable every way, 
there are 166 ft., making nearly 000 ft. that space. That 
much the allotment given any country outside France. 
The that take the wall surface, Mr. Smith 
the Mr. sir; floor space only. All wall space our dis- 
posal, with the single limitation that partitions shall certain 
uniform height. the Marine Building, which situated the 
Quai D’Orsay, right the Seine, midway between the 
Champ Mars and the Esplanade des Invalides, have the 
ground floor space 862 sq. ft., but our Commission has secured 
the space and provided for the erection another building immedi- 
this ately adjoining, called the Annex the Marine Department. 
ngi- The purpose this building was originally provide proper quarters 
for the exhibit the United States Government Weather Bureau. 
That will require only one-half the building. The other half will 
our disposal, provided Congress supplies funds for putting the 
buildings which have erect, and shall have there 519 sq. ft. 
ground space, space which very available, its connection 
with the marine department and United States Weather Bureau, for 
been certain classes engineering exhibits. should say that are 
and somewhat relieved the matter space the main building the 
neers fact that the large railroad exhibit, the outdoor exhibits, locomotives, 
cars, tracks and everything that kind, well the entire exhibit 
tech- bicycles and automobiles, which promises very large, indeed, 
will the Bois Vincennes, park with which most you 
the are acquainted, some nine miles distant from the main grounds, 
you connected good railroad systems and soon connected 
chibit another line partially underground, which now approaching 
engi- completion, and giving very easy connection. The location 
know superb one. beautiful place, the only objection being that 
this removed from the main exhibition grounds. against that, however, 
hould have the fact that there will probably other exhibit that 
the will attract the public large extent the exhibit auto- 
The mobiles, which are shown operation this place. There 


ave, great craze this subject automobiles. The recent exhibition 
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200 vehicles shows that. that this location very desirable for 
any large railroad engineering exhibits connected with it. This 
arrangement will give more space the main buildings for the 
small exhibits. like have very thorough representation 
the most important American engineering work this century, 
possible get it. have labor, however, under this diffi- 
culty: Asa Commission, have money for such purposes. 
hope get—I think there question but that shall get—a 
reasonable appropriation for the expenses the loan exhibits, which 
will not, however, provide for making the exhibits themselves. 
Among other steps which have already taken, the few days since 
have accepted the position, address letter the mayors the 
principal cities the United States, notably the principal ports, sug- 
gesting that proper models their cities prepared; the scale 
determined afterward, when find how many wish and how 
many can provide space for. Models this kind, properly made, 
would most interesting exhibit. Certainly one the City Chi- 
cago would, and know that model Greater New York, showing 
all the facilities the harbor and wharves, bridges, terminal facilities, 
transfer facilities, intramural transit, sewerage system, water supply 
and everything would great interest. Ithink the 
suggestion will receive very hearty support, and that the city govern- 
ments will undertake the work under the charge their own engi- 
gineering staff. The suggestion has been well received, not only from 
the standpoint advertising each city and matter local pride, 
but from the fact that such models, when returned this country, 
would have very decided value the conduct the engineering 
department the city government. 

The me, one second, Mr. Smith. being 
o’clock, have announce that the ballot for officers the Society 
now closed. 

Mr. have not much more say, with this exception. 
The Secretary, his letter me, suggests that some information 
desirable whether any expense the American Society would 
involved connection with exhibit this kind. can only 
say that will undertake the transportation and care such exhi- 
bits and their return. cannot undertake the expense providing 
models, drawings maps, anything that kind, nor, fact, 
the cases which exhibit them. But impression that 
most desirable exhibit this kind can secured the expense 
the local governments the expense manufacturing companies 
who have certain interests connection with them. number 
cases that kind have already come observation. have the 
privilege securing from the National Museums, the Smithsonian 
Institution, any the Departments Washington, the Postal 
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Department any other, any models matters that kind that 
desire. Those were utterly refused the exhibition 1893, 
because the Government had its own building and its own exhibit. 
But have the right, under the law, enter any the Departinents 
the present time, and call for anything that they have there. 

had the pleasure, Monday afternoon, interview with the 
New York State Commission fifteen members the Paris Exhibi- 
tion. did not contemplate the existence any commissions 
this kind, and the difficulty find something for them todo. The 
first question asked is, can they have space for New York build- 
ing? was with infinite amount difficulty that space for 
United States building could obtained. the next place could 
they have space the United States building for the State New 
York? That not feasible. The whole plan the Exhibition one 
condensation. has been stated repeatedly that only exhibits 
the highest nature must shown. That the rule the Paris 
authorities, and certainly absolutely necessary our part. 
They have about two-thirds the space all put together that had 
the Columbian Exhibition Chicago. The demands for space are 
very great, and necessarily the amount which they can give each 
nation extremely limited. For that reason must necessarily 
study condensation; but believe that the opportunity for good 
American engineering exhibit will greater than have ever had 
before, unless was Chicago. There the engineering societies and 
the engineers general did not think altogether important that 
they should make distinctly civil engineering exhibits, because our 
business more broad and necessarily see the works themselves, 
and was not important that they should exhibit models pict- 
ures maps them, and the whole exhibition was necessarily 
engineering work. Here, stand entirely different position. 
France and European countries have that advantage. Their engi- 
neering works can examined visitors from all parts the 
world; ours cannot. The only opportunity can have for proper 
say that personally would very glad heartily co- 
operate with any committee which you might appoint, either the 
matter suggestion any assistance that could give, and should 
heartily appreciate your assistance. 

did not complete the point which made regard the New 
York State Commission, which illustrative what your Committee 
could do. suggested the Chairman the Commission—they 
want reason for securing appropriation from the State, course 
—that most departments the Exhibition they could absolutely 
nothing; that the United States Government takes charge the agri- 
cultural exhibits, and also the exhibit mines and mining and 
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mineralogy, and the exhibit the department education. You 
will remember that they had models the Erie Canal and the 
water-ways the State New York the Columbian Exhibition 
1893. Witha reasonable appropriation from the State, the State 
New York, course, could make magnificent exhibit, and feel free 
say you that the New York State Commission will co-operate 
with any committee that your Society may appoint, and believe 
would undertake carry through the expense any exhibit con- 
nected with anything the State New York. feel the same way 
regarding the Massachusetts Commission, from things that have been 
said there. that seems that the time propitious, and 
that, the end the century, American engineers should avail 
themselves this decidedly open door make themselves known 
the world. The country has become known the world lately 
through war. President McKinley exceedingly anxious that 
should make creditable exhibition what the French call the 
sizes Peace’ the Paris Exposition. follows very properly, and 
very naturally, that the expansion our commerce will open fields 
for American engineers various countries the world where they 
had nothing heretofore. 

Gentlemen, thank you for your attention. (Applause. 

Mr. Mr. President, may ask question Mr. Smith? 

The sir. 

Mr. those civil engineering exhibits which you 
ask us.to prepare and send placed with the engineering exhibits 
other countries for comparison? 

Mr. will. The space arranged the Engineering 
and Transportation Building transverse sections running across the 
building for each country, and the subjects are arranged sec- 
tions running longitudinally through the building, that practically 
the exhibits the different nationalities the same subjects will 
come line, and still each nation will have its own exhibits line, 
and such features necessarily come into this department car- 
riages and bicycles, and exhibits that kind, will not interspersed 
with the real engineering exhibits. 

Mr. very glad hear that, and want say one 
word that point, because now heartily favor it. 1891 
was Europe many months unofficially, but doing good deal 
missionary work, may term it, and was consultation occa- 
sionally, different countries, met, with the United States 
Commission that for the purpose. many en- 
gineers from various countries, Germany, France, Belgium, Holland 
and Great Britain, endeavor get them send the Chicago Ex- 
position original exhibits, the very sort things that Mr. Smith 
asking Yes, they would send them. the meantime the 
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English Commissioner and the German Commissioner, absence 
and unknown me, stated that they wanted the exhibits from Eng- 
land and from Germany with their own exhibits. the engineer told 
me: that the plan will send nothing. not propose 
have our models and maps lost the great mass matter which will 
come over from our own country.” very glad know that there 
will different arrangement, that send our exhibits, show- 
ing our Chicago Channel, for instance, showing the exhibits the 
docks here, will placed where anybody can step into another de- 
partment nearby and see what Germany has done what Holland 
England has done. that there will engineering competition, 
and think that can afford enter into it, from what have seen 
Europe the last few years. 

Mr. one the Committee that got the exhibit for 
the Paris Exposition 1878, think there are one two things 
which attention should called. First, absolutely necessary, 
the exhibit any use the United States, that the man 
charge should engineer. had money enough get 
exhibit which was without peer, the best examples the work 
the best engineers the world; but there was nobody there ex- 
plain it, and did little good that between lack knowledge 
and lack interest the part our Commission, got just 
much reward the British Institution Civil Engineers got for tot- 
ing there set their Proceedings when the fair was abont 
half through. were not able keep man there explain our 
exhibit, and were without sufficient backing from the American 
Commission. Now, take from Mr. Smith’s coming here that 
will not stand danger not having backing. But the Society, 
members the profession, whether they belong the Society not, 
should not send over exhibits unless there somebody there who has 
knowledge engineering matters and can course, 
large manufacturing concern will keep one two agents there 
trade matter. But, for instance, maps models showing the Cro- 
ton Aqueduct supply were sent over, not the city, but the en- 
gineer who built them, would without resources keep man 
there explain them, and the exhibit would virtually thrown 
away. that the Society should have clear understanding 
that point before they invite people, they conclude exhibit. 

Mr. believe was Chairman the Committee which 
Mr. North has just said that was member. not want say 
much, but think the experience that Committee and that exhibi- 
tion 1878 shows that well worth while exhibit American engi- 
neering the Paris Exhibition 1900. But think also indicates 
that probably not expedient appoint committee specially 
charged with getting such exhibition. far relates the 
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objection which Mr. North has raised, that cannot have engineer 
there, that may not have engineer there represent us, that 
certainly was very serious thing 1878. not think will 
serious thing 1900. Mr. Smith. know what did inthe 
Chicago exhibition 1893. Mr. Smith was charge the Department 
Transportation there, and there was department the exposition 
well handled, judgment, Mr. Smith’s department. (Applause.) 
feel that the fact that Mr. Smith going charge this depart- 
ment the American exhibit Paris the best assurance can possi- 
bly have that engineering will properly taken care of, and think in- 
dividual members this Society who feel disposed take any action 
that way, can entrust their interests Mr. Smith quite well they 
could any committee which the Society could appoint. (Applause.) 

that brother North has neglected, relation having engineer 
there explain the exhibit. afraid that unless that engineer 
polyglot there would great many who would unable understand 
his description. might have Chinaman come along and 
want know about something, and friend North, talked the 
Chinese language, might Wouldn’tit well keep that con- 
sideration mind and have brother North prepare himself and study 
the different languages over that capacity. (Laughter.) 

Mr. toa foreign country the language which 
not understand, generally hire interpreter. 

The there any other business that any other mem- 
ber would like present the Society? 

Mr. have matter present the meeting 
which you have heard before, modified slightly, but covering sub- 
stance the resolution presented year ago: 

consideration the fact, That the engineering profession and the 
people this country have legal protection against any incom- 
petent unscrupulous person who chooses advertise sign himself 


with the title Civil Engineer, thereby reflecting upon and injuring the 
entire profession; and 

consideration the fact, That has been found advantageous 
most States grant legal protection members the legal and 
medical professions; therefore, 

resolved, That the sense this meeting (the Annual Meet- 
ing the American Society Civil Engineers), that judicious legal 
restrictions against the unauthorized and improper use the title 
Civil Engineer are desirable. 

would like say, submitting this resolution, that hope the 
gentlemen will see what says, and not what they think intends 


do. does not commit the Society any legal action anything 


kind, because fully appreciate that that impossible. have 


made effort spring this upon the Society have come with- 
out being expected anybody. have talked the matter over with 
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some, and have found, especially among the younger men, that they 
not feel that they have any inducement, general way, take 
the profession and spend years preparing for it, and then find 
that anybody, without any preparation whatever, has just good 
chance and just good legal right use that title. 
present this resolution, and move that adopted. 

The not hear that motion seconded. 

second the motion. 

Am. Soc. E.—Mr. Chairman, when this 
motion, motion which was practically its equivalent, was made 
last year, one the Past-Presidents the Society, remember cor- 
rectly, Mr. Morison, rose and said that was not quite certain that 
had any right call himself civil engineer. Now think that 
have not yet got the time this country when can settle the 
question think will have work itself out for some years 
course, from position perhaps director civil engi- 
neering school, ought take the other side the question; but 
common sense will not permit it. Ido not think the Society had better 
mix itself with the question for while yet. 

Mr. President, confer the degree 
civil engineer, unless comes from some technical institution some- 
thing that kind? Now, honestly confess that graduated from 
college, except the college adversity, and contend that God 
Almighty makes the engineer. not the school. the man 
engineer will make his mark himself. Brother Morison says does 
not know whether entitled use the degree civil engineer. 
might just well take theology, and don’t know but what 
would (Laughter.) Ithink those things work them- 
selves out. man’s work will qualify him called civil engineer. 

Now, another point—we had this fight year ago, you remember 
—there one thing that would like put right here this Annual 
Meeting. want relief from that more than anything else, and that 
the subject acoustics. brother Morison being here gives 
courage speak. Every man who has gotten and spoken this 
morning has been invited the front that all could hear, 
with the exception one two. Mr. Smith was remarkably distinct. 
growing deaf. don’t know but what ought offer 
resolution that the Society furnish megaphone that may used 
the any the speakers. heartily accord with 
everything that has done. 1am with Mr. Corthell’s motion. 
would only include acoustics, Iam with him. with friend 
Mr. Smith regard the exhibition, would only make model 
this room and send Paris specimen civil engineer’s 
auditorium. can that and make money out it. Iam per- 
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sonally satisfied that Mr. Wanamaker would gladly furnish with 
drapery, marked with mottoes and his own advertisement and 
gratis, that can have Glod Bless our Home,” Engineers, Love 
one and mottoes like that before us. know that Wana- 
maker would furnish the material. For gracious sake let some- 
thing cure this miserable auditorium, that persons can heard. 
spoke this last year; did Mr. Morison. hope that committee 
will appointed something; either put draperies arrange 
some way that can heard. confess have heard very 
little that our President has said. hearing may have become dull; 
but seems worse off than great many you. 

The Presment.—Any more remarks, gentlemen, this question 

Mr. —Mr. President, move that the matter laid 
the table. (Seconded.) 

The moved and seconded that the matter laid 
the table. Those favor please say aye; contrary, no. 

The motion was carried. 

Mr. Chairman, would like offer resolution 
regard time question: 


Resolved: That the Committee Standard Time requested 
make final report the Society the next Convention. 


The heard the motion, gentlemen. will read it: 


Resolved: That the Committee Standard Time requested 
make final report the Society the next Convention. that 
resolution 


Mr. second the motion, Mr. President. 

The the pleasure the Society regard 
this? (Question called for.) Idonot remarks. willask for 
vote this question. Those favor please say aye; contrary, no. 
The Chair cannot decide the vote from what have heard, and will ask 
the members stand. Those favor the resolution please stand. 

Forty-eight members rose. 

The who are not favor the resolution 
please stand. 

Forty-three members rose. 

The resolution adopted. 

Mr. —Do understand that the resolution carried? 

The carried; yes, sir. 

Any more business? 

make few remarks, and then offer resolution. establish- 
ing the fund for the advancement the interests the Society 
trying induce interest among the Juniors the Society, 
was really hopes that would have reached result more positive 
than have thus far. have watched with good deal interest 
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the progress that has been made the Institution Civil Engineers 
among the Juniors, the Students, they are there called, and 
cannot see why should not 

The step this way, Mr. Collingwood. 

Mr. reference the advancement the Society 
getting some young men join the Society, that was the object 
had mind establishing the Junior prize, and confess that have 
been disappointed seeing that the result that was aimed has not 
thus far been reached, seeing what has been done the Institution, 
where the Students have their regular meetings, and where there are 
good many very valuable papers presented. 
not reach the same result here. have just smart men, and they 
can the work they will. believe only necessary get the 
thing started order have great deal more done the Students 
than have yet attained. has seemed might some- 
thing copying—I not believe copying usually—by copying 
what they are doing there; that is, trying get the Students, or, 
call them, Juniors, come together themselves and have their 
own meetings. reason why should not that. They may 
not Quaker meetings. They could have meetings once month, 
once two months— whenever may thought best. know thata 
Junior will speak Junior when would not speak those who are 
older. remember very wellthe paper first presented the Society. 
did not want present it. thought was commonplace, and yet 
was all work that thought had not been done before. 
astonishment, the paper was published abroad, and was the basis 
considerable comment. believe there among the Juniors the 
Society great deal original interest, they would only bring 
out; and the object these meetings, they are held, should 
get the Juniors come together and talk among themselves, and 
evolve paper that would value the whole Society. 
present the matter that way, and would like, the Society thinks 


well it, that some action taken for meetings the 
such. make that resolution. 


Mr. second the resolution. 

The you got your resolution writing, Mr. 
Collingwood? 

Mr. Collingwood wrote out his resolution and handed the 
Secretary. 

The resolution Mr. Collingwood follows: 


Resolved, That recommended the Board Direction that 


steps taken for holding meetings the Juniors the Society for 
the reading and discussion papers. 


The Prestpent.—You have heaid Mr. Collingwood’s motion, which 
has been properly seconded. Does anybody desire speak that 
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motion? might like very much hear from,some Junior. Those 
favor Mr. Collingwood’s motion, please say aye; contrary, no. 

The motion was carried. 

The there any more business before the Society 
from any the members? Mr. Secretary, you have announce- 
ment make, now the time. 

The have the following letter from the President 
the Engineers’ Club addressed the Secretary: 


1899. 
Mr. CHARLES WARREN 


Secretary, American Society Civil Engineers, 
New York: 
have the honor invite the members the American 
Society Civil Engineers who may attend the Annual Meeting the 


Society, visit the House The Club, 374 Fifth Avenue, 
near Thirty-tifth Street. 


Accompanying this are quantity signed cards, extending the 
privileges the Club for period ten days such the members 
the Society may have their names filled you. 


would thank you also announce that accompanied 
members the Club, our guests with these cards, are invited 
visit and make use the Club between the hours and 


shall glad see and welcome many may find con- 
venient call. 


Yours very truly, 
THOMPSON, 
President.” 

Any member the Society who will apply the Secretary can 
secure ten-day card the Engineers’ Club. 

suppose would well, Mr. President, announce something 
about the programme. The first thing that immediately after the 
adjournment this meeting lunch will served the room just 
below this, and meeting the Board Direction the Society 
will held half-past fourteen. (Laughter.) The two excursions 
which have been arranged for this afternoon, one the New East 
River Bridge, and one the docks, piers and bulkhead wall will start 
immediately after lunch. presume that they will leave about 14.15. 
The excursion the New East River Bridge will, all events, leave 
that time and will take the Fifty-ninth Street cross-town cars. 
all members who desire make this trip will communicate with the 
Secretary immediately after the adjournment this meeting, with 
Mr. Freeman the Committee, probable that special cars 
can arranged for, that the party will not have split up; but 
will have know how many people will go, and whether they will 
promptly the hour specified, order secure those cars. 

Mr. ask aquestion? What time will 
that excursion return? 


The time you think will get through, 
Mr. Freeman? 
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Mr. half-past four. 

sixteen. 

Mr. possible for any member who wishes 
see that interesting work able there after half-past— 
what it—sixteen? 

Mr. can come any time. only that will 
more convenient for those going this afternoon they could 
together. But any time they care down sure the en- 
gineers will glad extend all the courtesy possible. 

Mr. long will take down there? 

Mr. will take three-quarters hour from here. 

Mr. you will there probably until after four 

Mr. 

The Chandler Davis, Assoc. Am. E., 
will have charge the other excursion the docks, and should 
notified members who intend go. 

o’clock this evening there will social meeting this 
house. The programme all printed and has not been changed. 
Tickets for this reception can obtained from one the Secretary’s 
assistants, Mr. Burke, those who have not secured them. Tickets 
will also required the steamer excursion to-morrow, and can 
secured the same place. The only change the programme for 
the excursion to-morrow, far know, the substitution another 
steamer for the Laura Starin. The Valley Girl the boat will take. 

20.30 o’clock to-morrow, Thursday, the house, Mr. Weg- 
mann, Am. Soc. E., will deliver lecture Old Roman 
Aqueducts,” and after this lecture, which will illustrated stere- 
opticon views, there will ‘‘smoker.” 

For the excursion Friday the new Croton dam, tickets will 
required. There will two special cars attached the 10.45 train 
the New York Central and Hudson River Railroad from the Grand 
Central Station, and the members will present themselves time 
catch that train they will not have procure tickets from anybody. 
They should notify the Secretary’s assistant their intention go, be- 
cause Messrs. Coleman, Breuchaud Coleman have prepare take 
care the proper number, both the train and the works, and 
all-day excursion; anybody who intends should notify 
soon possible. think that all have say the programme. 

requested member the Institution Civil Engineers 
say that desirable that conference the Members the In- 
stitution who happen present this meeting had, and that 
that meeting will called directly after the adjournment this 
meeting the office the Secretary. desires further state 
that will only take few moments transact what business would 
brought before them. Mr. Corthell has asked call the meeting. 
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The President asks again announce that the meeting the 
Board Direction the Society will held 14.30 o’clock the 
Secretary’s office. 

have announce the following deaths: 

elected Member, September 2d, 1885; died 
January 9th, 1899. 

elected Member, March 2d, 1892; died January 12th, 
1899. 

might also announce that the next Annual Convention the 
Society will held June 27th 30th, 1899, the Stockton Hotel, 
Cape May, 

Mr. President, that all have, except the report the tellers. 

The You will please read the report the tellers. 

The Secretary read the report the 
The have heard the report. now declare that 


the members whose names you have heard are elected the various 


offices for which they have been respectively named. 

Before leaving this chair, gentlemen, only want say two words 
—to thank you for the uniform courtesy and kindness you have shown 
during the last year, and now becomes pleasant duty in- 
troduce you the new President, Mr. Desmond FitzGerald, Boston. 
(Applause. 

Mr. Gentlemen, not know what ex- 
pected this occasion. did not know that any 
remarks were order. But want thank you for the great 
conferred upon your votes to-day. When was told 
that name was used the Nominating Committee must 
say that began look around find some basis for great 
honor, and the more grope around, the less seemed find. 
strange thing happened, however, the course few days. An- 
other wire informed that youngest daughter had added the third 
generation our family. (Applause.) was twelve-pounder, and 
then began feel little consolation, having last found some foun- 
dation for aspiring office this dazzling height. But seriously, 
gentlemen, believe one the greatest honors the gift 
the American people, because believe, first, that this Society neces- 
sarily the greatest society engineers this country, and then that 
represents what, not already the greatest profession the world, 
fast gaining the top the ladder. There are many indications 
this movement these times. must confess for one that never 
look upon the work brother engineers, particularly other 
specialties than own, without wondering the patience, intelli- 

gence and audacity that are brought bear upon the solution 
the great engineering problems the day. You will find these quali- 
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ties shown every branch the profession. cannot examine the 
magnificent work our bridge engineers without wondering the 
quiet but remarkable progress they are making their recent under- 
takings. The same may said regard all forms sanitary 
science, sewerage, water supply, and other municipal work. Then 
have advances river and harbor works and magnificent strides the 
designs mechanical and electrical engineers all the different 
those important branches the profession. Aside 
from the work the engineer active practice, must admire the 
silent but work the professors and other teachers our 
colleges and technical schools, who are doing much improve the 
profession the preparation those who are succeed us. 

But, gentlemen, not think that any extended remarks are ex- 
pected this occasion, One thing has pleased very much 
have’ been sitting here to-day, and that is, find that thought 
has already been given the Exposition 1900. have been think- 
ing good deal about this coming event, and believe that express 
the hope many members the Society when say that trust 
shall have steamer our own 1900 take over large delegation 
engineers this exhibition, and not doubt that will larger 
representation than that which visited the last exposition. 
early begin now the work preparation, and with your help intend 
take the necessary steps bring this about. The Society owes 
debt gratitude Mr. Corthell for his interesting and valuable work 
which has pursued steadily against every adverse wind. (Ap- 
plause.) believe that the seed which has planted will bring forth 
abundant fruit. gratifying find that the direction the ex- 
hibits proposed for the exposition are such good hands. 

One word more, gentlemen. This comparatively young society; 
least, when you look across the borders Massachusetts and con- 
sider the age the Boston Society Civil Engineers. Recently that 
society held Boston its fiftieth anniversary, and most enjoyable 
was. One the interesting features was the presence 
the platform one the original founders the society. The whole 
tendency the meeting was toward long into the past, and 
can hardly this without realizing that our proud position to-day 
profession largely due the splendid work those who for 
many years, against every discouragement, prepared the work forus. 
trust that when this Society celebrates its semi-centennial, will 
interesting occasion the recent one Boston, but know you 

are looking toward the lunch room and the excursions follow, and 
will not detain you longer. (Applause.) 

order. 

motion, the meeting adjourned. 
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EXCURSIONS AND ENTERTAINMENTS THE FORTY-SIXTH 


ANNUAL MEETING. 


Wednesday, January 18th, the Business Meeting, 
lunch was served 13.30 o’clock the Lounging after which 
most those present joined one the two excursions points in- 
terest. Large parties were taken the following places: the New 
East River Bridge, under the guidance Freeman, Am. Soe. 
E., and Edwin Duryea, Jr., Am. Soc. the docks, piers 
and bulkhead wall the Department Docks and Ferries, under the 
guidance Chandler Davis, Assoc. Am. Soe. 


o’clock Assembly was held the Society House, which 
was largely attended. 


Thursday, January 19th, 1899.—The day was devoted excur- 
sion the steamer Girl. The boat left the pier the foot 
West Fifty-seventh Street, 10.30 o’clock, and after calling the 
pier the Albany Day Line, foot West Twenty-second Street, pro- 
ceeded down the river and through New York Bay and the Kill von 
Kull Elizabethport, J., where, invitation Lewis Nixon, 
President, the works the Crescent Ship-Yard were inspected. 

Lunch was served board, the return trip, and stop was 
made the Brooklyn Navy Yard, where kind permission Com- 
modore Philip, N., Commandant, the Indiana, Massachusetts 
and other ships were visited. Facilities for the inspection all points 
interest the Navy Yard were afforded, through the courtesy 
Naval Constructor Francis Bowles, N., and Civil Engineer 

final landing was made the Recreation Pier, foot East 
Twenty-fourth Street, Manhattan, where the party disbanded. The 
party numbered about 300 members and guests. 

20.30 o’clock, Wegmann, Am. E., delivered lec- 
ture Old Roman Aqueducts.” The lecture was illustrated 
with stereopticon views. 

After the lecture there was informal which was en- 
joyed about 170 members and guests. 


Friday, January 20th, 1899.—By invitation Messrs. Coleman, 
Breuchaud and Coleman, party about 150 members and guests 
visited the New Croton Dam. The party left the Grand Central Sta- 
tion special cars attached the regular train the New York 
Central and Hudson River Railroad, leaving 10.45 o’clock. 
Croton Landing conveyances were provided for the drive miles 
the Dam. Lunch was served the office the contractors. 

Every facility was afforded for the inspection the work pro- 


gress. The party returned New York the same route and arrived 
o’clock. 
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The names 316 members, various grades, attendance the 
Annual Meeting, excursions and Assembly, are given below. The list 
is, however, incomplete account the failure number mem- 
bers register, and does not include any the guests the Society 


individual members. 


Allen, Calvin H....New York City 
Amweg, J... Philadelphia, Pa. 
Andrews, Horace ..Albany, 
Aycrigg, William York City 
Aylett, Philip..... New York City 


Bacon, John Conn. 
Bailey, George I....Albany, 
Baldwin, Fred Bayonne, 
Barnes, William Mass. 
Barnsley, George Bethayres, Pa. 
New York City 
Belden, Edgar T....Nazareth, Pa. 
Belknap, E....New York City 
Belzner, Theodore. New York City 
Bensel, A....... New York City 
Berger, Bernt ....New York City 
Bigelow, ...New York City 
Bishop, George 
Middletown, Conn. 
Bissell, H...West Medford, Mass. 
Blakeslee, Clarence 
New Haven, Conn. 
Boecklin, Werner, Jr. 
New York City 


Bogue, G...... New York City 
Brackenridge, Brooklyn, N.Y. 
Bradley, W..... New York City 


Bradley, Mass. 
Breithaupt, York City 
Briggs, Josiah York City 
Brinckerhoff, G.New York City 
Brinckerhoff, W.. New York City 
Brown, Thomas 

New York City 


Brown, LeGrand .Rochester, N.Y. 


Brown, P...... New York City 
New York City 


Bush, D....Springfield, Mass. 


Carney, Edward J.New York City 
Cartwright, R....Rochester, 
Chase, D...... Brooklyn, 
Chester, N..... Brooklyn, 
Christian, L....New York City 
Christy, George York City 
Clapp, Russell 

Hempstead, 


Clapp, F..... Providence, 
Clarke, C....... New York City 


Coffin, Amory..... New York City 
Coffin, Freeman C..Boston, Mass. 
Colby, K....... New York City 
Cole, Howard..... New York City 
Collingwood, F...Elizabeth, 
Cooper, Theodore.. New York City 
Cornell, B...... New York City 
Corthell, L..... New York City 
Coverdale, H...Pittsburg, Pa. 
Creuzbaur, Walter 

New York City 
Crowell, York City 
Curtis, S....New Haven, Conn. 


Davis, Charles....Allegheny, Pa. 
Davis, Chandler...New York City 
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New York City 
Davis, Woodbridge 
New York City 
Davis, Robert B..Brooklyn, 
Dawley, Edwin 
Providence, 
Dean, Taunton, Mass. 
Deans, Sterling 
Pa. 


Devin, George....... Chicago, 
Deyo, F..... New York City 
Dodge, D..... Brooklyn, 


Dunham, F....New York City 
Duryea, Edwin, Jr. 
Brooklyn, 


Ellis, John W.. Woonsocket, 
Erlandsen, Oscar..Jamaica, 
Evans, E.... .New York City 


Farley, John 
White Plains, 
Farnum, H....New York City 
Farrington, 
Croton-on-Hudson, 
Ferris, E....Jersey City, 
Field, William P...Newark, 
Fisher, D..... Brooklyn, 
FitzGerald, Desmond 
Boston, Mass. 
Fouquet, D..... New York City 
Francis, Henry Providence, R.I. 
Freeman, G....New York City 
Freeman, John 
Providence, 
French, Alexis 
Brookline, Mass. 
Frick, Pa. 
Fteley, A......... New York City 
Fuertes, H..... New York City 


Gahagan, H...New York City 
Gartensteig, Charles 
New York City 


[Society 
Gay, New York City 
Geddes, K...... Zanesville, 
Giles, Robert..... New York City 


Goodnough, H.. Boston, Mass. 
Goodrich, Mass. 
Gormly, New York City 
Gowen, Charles 
Sing Sing, 
Graham, H.....New York City 
Grant, H..... Red Bank, 
Graves, Edwin Conn. 
Gray, William..... New York City 
Gregory, E..... New York City 
Green, Howard B..Buffalo, 
Greene, S., Jr..New York City 
Greene, Robert 
East Orange, 


Haight, S.S...... New York City 
Haines, New York City 
Haines, W....... Puebla, Mex. 
Hankinson, W..New York City 
Hansel, York City 
Harding, Pa. 
Harris, New York City 

Haskins, William 
New York City 

Hatton Chalkley 
Wilmington, Del. 


Hayes, W....Fitchburg, Mass. 
Hazen, Allen...... New York City 


Hemming, W..New York City 
Herbert, 

Bound Brook, 
Hering, York City 
Herschel, York City 


Hill, George...... New York City 
Hills, L...... Wilmington, Del. 


Hoag, W., Jr...New York City 
Hodgdon, W....Boston, Mass. 
Horton, Thomas New York City 
Howe, W........ Boston, Mass. 
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Hoyt, N...... New York City 
Hoyt, W.E...... Rochester, 
Humphrey, Richard 
Philadelphia, Pa. 
Hunt, Charles Warren 
New York City 
Hutton, New York City 


Ingersoll, M., Jr. Boston, Mass. 
Irving, Walter E..New York City 


Johnson, 
Niagara Falls, 
Just, George A....New York City 


Kastl, Alex. E.....Clinton, Mass. 
Kelley, D...... New York City 
Kelly, Haven, Conn. 
Khuen, Richard, Jr. Pencoyd, Pa. 
Kimball, George Mass. 
King, PaulS...... New York City 
New York City 
Knapp, Louis H....Buffalo, 
Knowles, Pa. 


Lawton, William H.Newport, 
Leavitt, Charles W., Jr. 
New York City 
Leffingwell, D..New York City 
Leisen, Theodore 
Wilmington, Del. 
Leonard, R..Philadelphia, Pa. 
Lesley, W...Philadelphia, Pa. 
Lewinson, M...... New York City 
Lieb, W., Jr....New York City 
Lindenthal, D.....New York City 
Lindenthal, G.....New York City 
Linton, Harvey...... Altoona, Pa. 
Locke, Adams, Mass. 
Long, Thomas J...New York City 
Looker, B.. Washington, 
Loomis, Horace...New York City 
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Lowinson, O...... New York City 
Lundie, John....... Chicago, 


MacGregor, A..New York City 
McCann, Thomas 


Hoboken, 
McKenzie, 


Southington, Conn. 
McKim, Alex. Rice 


New York City 


MeMinn, J..... New York City 
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MINUTES MEETINGS. 


THE SOCIETY. 


February ist, 1899.—The meeting was called order 20.30 
o’clock; James Owen, Director, the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

The minutes the meeting January 18th, 1899, printed 
Proceedings for January, 1899, were accepted, and the following cor- 
rection ordered made: page the first paragraph, reading 
Corthell, Am. Soc. E., addressed the meeting the 
‘Establishment International Institute Engineers,’” should 
read Corthell, Am. Soc. E., addressed the meeting 
similar correction should applied the third paragraph the 
same page. 

paper John Hill, Am. Soc. E., entitled The Ac- 
curacy and Durability Water Meters,” was presented the Secre- 
tary, who also presented written communications the subject from 
Messrs. James Harlow and Hawley. 

The paper was discussed orally Messrs. Thomson, 
Waldo Smith and Clemens Herschel, and illustrated with stereopticon 
views. 

Ballots were canvassed and the following candidates declared 
elected. 


CHARLES CHURCHILL, Jr., Oswego, 
Amory New York City. 

New York City. 
Epwarp Galveston, Tex. 
New York City. 

Frank Atlantic Mine, Mich. 
Dunn Philadelphia, Pa. 


MEMBERS. 


Burns, Kansas City, Mo. 

New Orleans, La. 
New York City. 
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Affairs. MINUTES MEETINGS. 


The Secretary announced the election the Board Direction 
January 31st, 1899, the following candidates: 


ASSOCIATES. 


CLARENCE Marvin Foster, Chicago, 


JUNIORS, 


GEORGE Boston, Mass. 
WHISKEMAN, New York City. 


The Secretary announced the death the following members: 
elected Member, January 2d, 1889; died January 
16th, 1899. GREENE, elected Member, November 5th, 
1852; Honorary Member, October 26th, 1888; President from Novem- 
ber 3d, 1875, November 7th, 1877; died anuary 28th, 1899. 

The Secretary announced that special meeting would held 
20.30 o’clock Friday, February 10th, 1899, for informal discus- 
sion Dry-Docks—Stone vs. Wood. 


Adjourned. 


February 1899. Special Meeting.—The meeting was called 
order 20.45 o’clock, Edward North, Vice-President, Am. Soc. 
E., the chair; Charles Warren Hunt, Secretary, and present, also, 
members and visitors. 

informal discussion* Dry-Docks—Stone vs. was 
opened William Cathcart, late Chief Engineer, N., Profes- 
sor Marine Engineering the Academy Naval Architecture, New 
York. The subject was discussed Commodore George Mel- 
ville, Engineer-in-Chief, Bureau Steam Engineering, N.; Com- 
modore Endicott, Am. Soc. E., Chief, Bureau Yards and 
Docks, N.; Asserson, Am. Soc. E., Civil Engineer, 
N.; John Kennedy, Am. Soc. E., Chief Engineer, Harbor 
Commissioners, Montreal, Canada; Packard, Am. E.; 
Greene, Am. Soc. E.; Emil Diebitsch, Assoc. Am. Soc. 
E.; Oscar Lowinson, Jun. Am. Soc. E.; Whittemore, As- 
soc. Am. Soc. E.; Thomas Pitts, Jun. Am. E.; 
Tait, Assoc. Am. Soc. E.; Corthell, Am. E.; 
James Ritchie, Am. Soc. E.; Brinckerhoff, Am. Soc. 
E., and George Greene, Jr., Am. 


Adjourned 23.30 o’clock. 


This discussion will printed Proceedings soon possible. 
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February 15th, 1899.—The meeting was called order 20.45 
o’clock, Edward North, Vice-President, the chair; Charles War- 
ren Hunt, Secretary, and present also members and guests. 

The paper for the evening, entitled The Approaches and Transpor- 
tation Facilities the Paris Exposition 1900,” Corthell, 
Am. Soc. E., was presented the author, and illustrated with 
stereopticon views. 

The subject was discussed Mr. John Goetz, Superintendent 
the Department Decorations, Commission for the Paris Expo- 
sition 1900. 


Adjourned. 
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ANNOUNCEMENTS. 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


House the Society open every day, except Sunday, from 


MEETINGS. 


Wednesday, March ist, 1899, 20.30 o’clock, regular meeting 
will held, which paper Robert Woods, Jun. Am. Soc. 
E., entitled ‘‘Street Grades and Cross-Sections Asphalt and 


Cement,” will presented. printed this number Pro- 
ceedings. 


Wednesday, March 1899, 20.30 o’clock, regular meet- 
ing will held. 

paper has been presented for this meeting, but there will 
informal discussion, subject announced later. 


DISCUSSIONS. 


Discussion the paper Hill, Am. Soe. E., entitled 
Accuracy and Durability Water Meters,” which was presented 
the meeting February 1st, 1899, will closed March 15th, 1899. 

entitled Approaches and Transportation Facilities the Paris Ex- 
position 1900,” which was presented the meeting February 
15th, 1899, will closed April 1st, 1899. 
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BOOK NOTICES. 
BOOK NOTICES. 


THE TRANSITION CURVE, OFFSETS AND DEFLECTION 


Crandall, Am. Soc. Second edition, revised and 


enlarged. Morocco, pp. New York, John Wiley Sons, 
1899. 


The preface says: Accurate methods are here, believed, for the first time, de- 
veloped for the true transition curve, curvature increasing directly with the distance, 
whic will hold for large central angles for both the offset and the eflection methods. 


The offset method worked for use during location and the greater part 
construction account its extreme 

account the increased use transition curves for electric railroads, Table 
containing offsets and other data, has been extended circular curves short radii. 
Some the other tables have also been extended. 

Eight pages are devoted the theory transition curves and thirty-one practice; 
there are eight tables offsets, angles, radii, etc. 


MATTER, ENERGY, FORCE AND WORK. 


plain presentation fundamental physical concepts and the 
Vortex-Atom, and other theories. Silas Holman. Cloth, 8x5 
ins., 257 pp., $2.50. New York. The Macmillan Company, 1898. 


The work divided into two parts. Part one contains the subject-matter proper. 
The definitions and views given are not designed exposition current and ac- 
cepted usage, but attempt setting forth individual thought. 

two consists summaries the chief theories the nature matter, energy 
and force. 

Heading chapters are: Substance, Matter; Motion; Energy; Forms Energy; 
Force; Kinetic Energy, Kinergety; Force Measurement; Work; Potential Energy; 
Matter; Comments Certain Definitions; Function Theory and Hypothesis; Kinetic 
Theory Gases; Sage’s Theory Gravitation; The Vortex-Atom Theory; Nature 
Energy and Matter. The book closes with index. 
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Street Grades and Cross-Sections Asphalt and Cement. 


STREET GRADES AND CROSS-SECTIONS 
ASPHALT AND CEMENT. 


PRESENTED Marcu 1899. 


Certain rules and practices street improvements have been 
formulated the larger cities, which, although desirable, cannot 
always applied similar work the smaller ones. The size, 
topography, and general local conditions city largely determine 


the character the street grades and cross-sections, and their plan 
arrangement. 


slight departure from customary methods was made the 
author arranging the grades and cross-sections used the 
recent construction sheet-asphalt roadways and cement walks, 
curbs and gutters, part the business district Wabash, Ind., 
city, having population about The old grades, 


papers are issued before the date set for presentation and discussion 
Correspondence invited from those who cannot present the meeting, and may 


sent mail the Secretary. The papers with discussion full will published the 
volumes 
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WOODS STREET GRADES AND CROSS-SECTIONS. [Papers. 


established, were poorly adapted for the proposed improvement, and 
careful adjustment those involved was prepared, with the object 
having the finished work substantial, convenient for use, and 
harmonious the local circumstances would permit. Generally, 
the improvement might regarded unnecessary side-hill construc- 
tion comparatively flat surface; condition unwarranted view 
the original topography the included territory, and yet not now 
admitting radical changes. 

The erection many the buildings within the limits the im- 
provement had preceded the adoption any grades the city 
authorities, and this tardiness the proper municipal officers 
establishing common gradients, may attributed much the 
irregularity the elevations the floors the different business 
rooms. 

the rearrangement grades, the sidewalks were raised from 
in. ins. above the floors some dozen adjoining store rooms. 
The owners the buildings affected, several instances, waived all 
claims for damages occasioned such changes; and the remaining 
cases were referred the Board City Commissioners for assessment 
benefits and 

There are few places the improvement where the two opposite 
walks any street are the same grade. This inequality between 
the elevations opposite points the property lines any street 
attains maximum 2.45 ft. street width ft., and 1.65 ft. 
street width ft. 

The prominent feature the arrangement the grades and sec- 
tions described this paper what here called the double 
curb,” which consisted lower roadway section upper 
sidewalk section, shaped form steps from the gutter 
the walk. The principal factors entering into the details the 
adjustment were the determination the location the crown 
line the roadway, the height the exposed vertical face the 


curb, and the form and amount transverse slope the roadway 
and walk. 


The streets (Fig. are either ft. ft. wide between outside 
property lines, and are paved for the full width with asphalt 
cement, with the exception one block Market street (not shown 
Fig. 1), where half the sidewalk space either side the roadway 
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paved with cement and the other half graded into lawn. the 
90-ft. street, the roadway between curb faces ft., and either walk, 
including the curb, 15} ft. wide. The 66-ft. streets have roadways 
ft. width between curb faces, and either walk, including the 

All roadways, exclusive gutters, are paved with sheet asphalt 
consisting 2-in. top, and bituminous binder, 6-in. 
hydraulic concrete base. The walks, curbs and gutters are laid with 
granite-faced cement concrete; the walks being ins. and the curbs 
and gutter ins. thick. 

The curb and gutter throughout were combined, and constructed 
monolith, sections ft. length. The roadway edge the 
curb turned with 2-in. radius, and the junction the curb and 
gutter was effected with radius From out out the com- 
bined curb and gutter measures ins.; ins. for the curb and ins. 
for the gutter. The exposed vertical height the curb varies from 
minimum 0.33 ft. extreme 0.85 ft. 

The double curb composed lower roadway section and 
upper sidewalk section constructed parallel lines; the roadway 
face the latter being ins. from the roadway face the roadway 
curb and the top flush with the sidewalk. The exposed vertical 
height varies from nothing maximum 0.92 ft., and the edge 
turned with 2-in. radius. The lower roadway section has top 
width ins., and the regular roadway curb increased the 
addition 6-in. block cement fitted into the space between the 
regular curb and the sidewalk curb, the top surface the additional 
piece being flush with the top roadway curb. vertical 
height the roadway section varies, the case the regular road- 
way curb, from 0.33 ft. 0.85 ft. This double curb was designed 
used where the height from the gutter the top the walk was 
more than ins., but did not exceed Risers and ins. 
steps are rather excessive, but was thought that the exigencies 


the situation permitted their adoption the few places where they 


were used. 

All cut-off boxes for gas and water supply buildings, were placed 
the sidewalk space immediately back the regular curb, and where 
encountered contiguous the double curb, they were fitted into the 
widened portion the lower section. 
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OUTLINES CROSS SECTIONS 
ALL MEASUREMENTS FEET, 
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Several short stretches good stone sidewalks had been con- 
structed property owners under previous city ordinances, and after 
some adjustment were allowed remain. They comprised the north 
walk Canal Street, from Miami Street Wabash Street, and 
several small lengths both sides Market Street, between Wabash 
and Huntington Streets. Those the north side Market Street 
had been paved width only ft., thus necessitating widening 
several feet. 

Frequently, street construction, where the side lines are dif- 
ferent gradients, one gutter placed higher than the other, and the 
transverse form the roadway made either straight line between 
the two gutters, the form half are, the chord which 
double the width the roadway. When the former used, sags 
depressions have tendency develop the pavement, especially 
where the roadway wide, and with either one, the objection might 
raised, that carriage and street car travel are not best accommo- 
dated. was decided preserve crown line within the road- 
way throughout this improvement, due consideration having been 
given other conditions; and keep preferably the center; 
but, expedient, one block pavement Miami Street, 
the crown line was shifted ft. from the center toward the high 
side the street, shown Sections Nos. and With 
this single exception the crown line was maintained the center 
each roadway. 

The three usual forms for roadway crowns are, the parabolic and 
circular curves, combination either one with tangent sides. 
these, the first two are nearly always alike, while the last may 
arranged quite differently from either. The form used the author 
was parabolic curve, and yet, for practical purposes, might 
called the segment circle, since calculation both curves shows 
their corresponding ordinates almost identical where the propor- 
tion rise span small prevails the construction city 
pavements. The distance from the edge the gutter the crown 
line was divided into eight equal parts, the division points being 
numbered consecutively from ‘‘0” the crown line, the 
gutter, and the formula, deduced for determining the ordinates 
from the surface the pavement horizontal line level with the 
crown point, follows: 
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Ordinate the crown point 


which equals the crown, for the distance specified. 


The amount crown each roadway from the face the curb 
the crown line, the horizontal distance between the two points 
named. amount the gutter has uniform slope 0.08 ft., 
its width ins., and the remainder the rise crown for the 
asphalt portion. the case roadway ft. width between curb 
faces, with the crown line the center, the total rise crown 0.60 
ft., and the crown the asphalt portion which included between 
the gutter edges 0.52 This latter rise, before stated, pro- 
portioned the form parabolic curve. 

The crown and gutter lines each block pavement are par- 
allel longitudinal grades throughout, excepting the small deviations 
made Market Street either side the Wabash and Market Street 
intersection. These roadway grades range from minimum 0.35% 
maximum 2.42 per cent. 

The cross-slope the sidewalks uniform inclination from 
the property lines the streets the curbs, and varies amount 

The plan, Fig. the dimensions the streets, the location 
the regular and double curbs and the longitudinal grade the 
roadways. The two large similar figures the same line refer the 
numbers the detailed outline sections shown Fig. 

Outlines nine different cross-sections the streets are repre- 
sented Fig. indicating the amount slope given the roadway 
and walks, together with the excess elevation one walk over the 
other the location cited. Sections Nos. 10, and 12, Fig. are 
the forms crown for the several roadways, with the ordinates given 
decimals calculated the parabolic formula. The 
form for the 40-ft. roadway having the crown line the center, 
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shown section No. 10, the curve corresponding closely with 
lar having 335.30 ft. Section No. the form for the 
40-ft. roadway having the crown line shifted ft. from the center, and 
contains two curves. The short one the right has rise middle 
ordinate 0.31 ft., chord 112 ft., and corresponds closely with 
circular are having radius 219.68 ft.; the longer one the left 
has rise middle ordinate 0.73 ft., half chord 25% ft., and 
corresponds with circular having radius 451.58 ft. The 
form shown section No. 12, was used for the 59-ft. roadway, the 
corresponding circular arc having radius 496.25 ft. 

The double curb and gutter, and the combined single curb and 
gutter are shown sections Nos. and 14, respectively. 

Two views Wabash Street, taken before and after the construc- 
tion the improved pavement, are shown Plate 
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MINUTES MEETINGS. 


THE SOCIETY. 


March 1899.—The meeting was called order 20.30 
Edward North, Vice-President, the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

The minutes the meetings February 10th and 15th, 1899, 
were approved printed Proceedings for February, 

paper Robert Woods, Jun. Am. Soc. E., entitled 
Grades and Cross-Sections Asphalt and Cement,” was 
presented the Secretary, who also presented written communica- 
tion the subject from Henry, Assoc. Am. Soc. 

The paper was discussed orally Messrs. Hankinson, 


Tillson, James Owen, Ulrich, Evans and Edward 
North. 
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Ballots were canvassed and the following candidates declared 
elected: 


MEMEERS. 


Jupson New York City. 
New York City. 
CHRISTIAN Boston, Mass. 
Ross, Boisé, Idaho. 
Martin SHANKLAND, Chicago, 
Dana Baton Rouge, La. 


MEMBERS. 


CHARLES ALBERTSON, Kobe, Japan. 

Henry Grand Rapids, Mich. 
GEORGE WARREN Cincinnati, Ohio. 
Erie, Pa. 


The Secretary announced the election the Board Direction 
February 28th, 1899, the following candidates: 


JUNIORS. 


BENJAMIN New Haven, Conn. 
Frank Sears Montgomery, 


The Secretary announced that Monday, March 13th, 1899, 
20.30 o’clock, meeting the Juniors the Society would held 
for the purpose discussing, with the Committee Publications, 
the proposition hold meetings the Juniors for the reading and 
discussion papers. 


Adjourned. 


March 15th, 1899.—The meeting was called order 20.40 
o’clock; Edward North the chair; Charles Warren Hunt, Secre- 
tary, and present, also, members and guests. 

Mr. Cope Whitehouse delivered lecture The 
the Nile,” which was illustrated stereopticon views. 
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The Secretary announced the death WEIR, 
elected Member August 7th, 1872; died March 1899; and 
BERT STEWARD, elected Associate February 6th, 1894; died March 4th, 
1899. 

The Secretary announced meeting the Juniors the Society, 
held April 12th, 1899, the subject for informal discussion being 

Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


January 18th, 1899.—President FitzGerald the chair; Chas. 
Warren Hunt, Secretary, and present, also, Messrs. Clarke, Cartwright, 
Bensel, Deyo, Fteley, Haines, Hering, North, Owen, Ricketts, Schnei- 
der, Stearns, Thomson, Turner, Whinery and Wisner. 

The following Standing Committees were appointed: 

SEL, CHAS. WARREN JOHN KENNEDY. 

The Secretary then withdrew. 

Chas. Warren Hunt was unanimously elected Secretary for the 
ensuing year. 

The question the salary the Secretary was considered and re- 
ferred the Committee Finance for report the next meeting 
the Board. 

Mr. Hunt, having been advised his re-election, returned and re- 
sumed his duties Secretary. 

was resolved that the Society House hereafter closed Sun- 
day. 

matter providing for cross-discussion papers was con- 
sidered and referred the Committee Publications. 

The President was authorized appoint special committee 
report the improvement the acoustics the Auditorium. 


Adjourned. 


January 31st, FitzGerald the chair; Chas. 
ren Hunt, Secretary, and present, also, Messrs. Bensel, Clarke, Deyo, 
Fteley, Hering, Morison, North, Owen, Schneider, Stearns, Thomson, 
Turner and Whinery. 

The Committee Finance reported, recommending that the salary 
the Secretary fixed 000 per year. 
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was moved and seconded that the salary the Secretary fixed 
000 per annum, and that the vote this motion taken 
letter ballot the whole Board. (Carried.) 

The President was authorized appoint committee report 
the Board the matter the Paris Exposition 1900. 

The matter holding meetings Juniors was referred the Com- 
mittee Publications for report. 

The resignation Wm. Brown, Am. Soc. E., was ac- 
cepted. 

Two candidates for Associate and three for Junior were elected. 

Applications were considered and other routine business trans- 
acted. 


Adjourned. 


February 28th, North the chair; Chas. 
Warren Hunt, Secretary, and present, also, Messrs. Bensel, Buchholz, 
Deyo, Hering, Owen, Ricketts, Thomson and Turner. 

The letter ballot the motion fix the salary the Secretary 
000 per annum was canvassed and declared carried vote 
the Secretary not voting. 

report from the Committee Publications was received, recom- 
mending the adoption certain rules for the Acceptance, Publication 
and Editing Papers, Discussion and Correspondence. 

The rules presented* were adopted. 

report was received from the Committee Library, stating the 
progress re-classifying and indexing the Library, and asking 
for appropriation $800 for binding and for the purchase 
books. 

The request the Committee was granted, and $800 appropriated 
for the purpose named. 

report was received from the Special Committee the Paris 
Exposition 1900, and the general subject considered length. 

The Committee Arrangements for the Annual Meeting 1899 
made final report. 

The President was authorized appoint committee the Board 
and Local Committee Arrangements for the Annual Convention. 

Three candidates for Junior were elected. 

Applications were considered and other routine business trans- 
acted. 


Adjourned. 
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ANNOUNCEMENTS. 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


House the Society open every day, except Sunday, from 
o’clock. 


MEETINGS. 


Wednesday, April 5th, 1899, 20.30 o’clock, regular meeting 
will held, which paper Hoskins, Esq., entitled Gen- 
eral Criterion for Position Loads Causing Maximum Stress Any 
Member Bridge Truss,” will presented. printed this 
number Proceedings. 


Wednesday, April 19, 1899, 20.30 o’clock, regular meeting will 
held. 

paper has been scheduled for this meeting, but there will 
informal discussion subject announced later. 


GENERAL RULES FOR THE ACCEPTANCE AND PRESENTATION 
PAPERS PRESENTED THE AMERICAN 
SOCIETY CIVIL ENGINEERS. 


Adopted the Board Direction, February 28th, 1899. 


Papers offered the Society should sent the Secretary. 
They shall considered the Committee Publications, and, 
accepted, set down for presentation the Society one its 
regular semi-monthly meetings. The publication such papers 
shall accordance with the rules adopted the Board Direc- 
tion governing the publication Papers, Discussion and Correspond- 
ence. 

formal papers shall set down for presentation the An- 
nual Convention, but lieu thereof discussion will asked for 
each Annual Convention and each Annual Meeting all papers 
which have been published Proceedings during the six months im- 
mediately preceding each these general meetings. 

Special subjects engineering interest shall also presented 
for discussion each these general meetings, and shall the 
duty the Secretary announce the usual Convention Annual 
Meeting circular the papers which, under this rule, will open 
additional discussion, together with such topics may have been sug- 
gested to, and approved by, the Committee Publications. 
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GENERAL RULES GOVERNING THE PUBLICATION PAPERS, 
DISCUSSION AND CORRESPONDENCE, THE AMERICAN 
SOCIETY CIVIL ENGINEERS. 


Adopted the Board Direction, February 28th, 1899. 


Papers accepted the Committee Publications shall 
printed promptly Proceedings advance the date set for their 
presentation the Society, with foot-note inviting discussion and 
correspondence upon them. 

Correspondence any paper, which received prior the 
meeting which the latter read, shall presented that meeting, 
and shall printed soon possible subsequent number 
Proceedings. 

Oral discussion shall treated indicated Rule Edito- 
rial Rules” and published Proceedings soon possible. 

The publication Discussion and Correspondence Proceedings 
shall accompanied note stating that such publication 
preliminary one, subject changes and corrections, and further cor- 
respondence upon the subject shall invited. 

The discussion any paper shall closed thirty days after the 
preliminary publication the discussion and correspondence upon it, 
and the author may then prepare closure, which shall printed 
subsequent issue Proceedings, and one month additional shall 

allowed for further correspondence before the Paper, Discussion and 

Correspondence shall sent press for the next Volume 

tions. Should any question arise the further continuance any 
discussion, the whole matter shall reported the Secretary the 
Committee Publications, whose decision shall final. cases 
the right the Author final closure the discussion upon his paper 
shall maintained. 


EDITORIAL RULES FOR PUBLICATIONS THE AMERICAN 
SOCIETY CIVIL ENGINEERS. 


Adopted the Board Direction, February 28th, 


preparing all Papers, Discussion and Correspondence 
technical subjects for the press, the third person shall used. The 
contributor paper shall referred ‘‘the author,” corre- 
spondent ‘‘the writer,” and one who contributes the verbal dis- 

All redundant matter, interrogations which the text the paper 
renders needless, and sarcastic forms expression, shall excluded. 

All errors orthography and grammar shall corrected. 
cases where there are two correct spellings, that which preference 


ANNOUNCEMENTS. 


given the best authorities shall, for the sake uniformity, 
adopted. 

Ambiguous obscure statements shall restated clearer 
form, care being taken, however, preserve far possible the lan- 
guage and style the author. 

unnecessary changes wording shall made. 

Whenever time will permit, proof any Paper and Discussion 
which any changes, indicated Rules and have been made, 
shall submitted the author before publication. But this con- 
nection should borne mind that not always possible 
account lack time submit proof and that inasmuch the 
first publication all discussions will preliminary one, necessary 
corrections may made before the final issue the Volumes 
Transactions. 

Oral discussions shall reported stenographically. From this 
report rearranged form the matter brought out the speaker 
shall carefully prepared and forwarded him, together with the 
full report what was understood say, and, whenever time per- 
mits, any modifications amplifications this statement shall 
printed Proceedings. When not possible secure the approval 
the speaker prior this publication, shall allowed make 


corrections, changes amplifications his discussion before 
published Transactions. 


The resolution the Board Direction, adopting the foregoing 
rules, provides that they shall published Proceedings, with the 


reasons governing their adoption, order that the whole matter may 
fully understood the Membership. 


RULES FOR THE ACCEPTANCE AND PRESENTATION 
PAPERS. 

The effect these rules will change the existing system 
the following particulars: 

There will formal papers read the Annual Convention, 
and lieu thereof provided that there shall general discus- 
sion all papers published Proceedings during the six months im- 
mediately preceding the Convention. 

also provided that similar discussion shall arranged for 
the Annual Meeting, and that both these General Meetings 
timely topics technical interest shall announced for discussion. 
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The reasons governing the Board the adoption these changes, 
briefly stated, are: 

Among the members the Society the impression seems 
prevail that papers presented the Society Convention there 
attract more attention and receive more extended discussion than 
presented one the regular semi-monthly This results 
the withholding papers until about the time the Convention, 
and diminishes the number presented during that part the year im- 
mediately preceding the month June. The value advance publi- 
for the purpose eliciting discussion thereby diminished, 
often being found impracticable secure papers enough even 
February and March keep ahead the regular meetings. 

The assumption that wider discussion papers secured 
conventions, not borne out experience. If, has sometimes 
been the case, there are many papers scheduled for the Convention, 
difficult allot time for proper discussion each them, 
cannot foretold how much interest each will excite. member 

wishing discuss one these papers cannot tell just when will 
brought up, and therefore must attend all sessions until 
considered, wishes make sure presenting his views. 
Cases have also been known, where, with long programme and 
limited time, discussions have been hurriedly closed, and proposed 
discussions inadvertently excluded. 

believed that the throwing open for discussion the Con- 
vention all papers which have been presented the Society during 
the preceding six months, and addition providing timely topics 
engineering interest for somewhat informal discussion, 
will result adding life and interest this General Meeting which 
not possible when formal papers alone are presented. should 
also remembered, that the new rule regard prompt publica- 
tion discussion and correspondence will bring before the Conven- 
tion, not only the paper itself, but the discussions which has al- 
ready given rise. 

The Annual Meeting has heretofore been devoted entirely the 
Business the Society, and the new rule will, believed, give 
additional professional interest. 


RULES FOR THE PUBLICATION PAPERS, DISCUSSION 
AND CORRESPONDENCE. 


January, 1896, papers read before the Society were not pub- 
lished advance all Members the Society. few extra copies 
were printed which were sent such Members the Secretary 
thought might willing discuss them. After presentation the 
Society, the paper was not published until all the discussion, includ- 
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ing the closing discussion the author, had been collected. This 
consumed much time, and was often six months, and sometimes 
longer, before the first publication paper. Under this system 
90% the membership never saw paper until was published 
with discussion. This was alike unfortunate for the author and for 
the membership general. 

Beginning with January, 1896, the system was changed. All 
papers were published Proceedings advance the date set for 
presentation the Society, thus giving all members opportunity 
take part the discussion them, either orally sending ina 
written communication, which presented the meeting. 

There doubt that this system has worked well, but has be- 
come evident that much additional interest would added our 
publications, arrangement could made, whereby the discussion 
and correspondence could promptly placed before all members, 
both for the purpose keeping them closer touch with the work 
the Society, and elicit discussion, not only the paper, but also 
the discussion itself. 

careful reading these rules will show that the delay final issue 
papers Transactions will not material, and that the number 
volumes Transactions issued annually, well the date 
such issue, will dependent only the volume printed matter 
already published Proceedings. 


EDITORIAL RULES. 


These rules not change the methods now, and for some time 
past, force the editorial work. They have been formulated the 
Publication Committee, and adopted and ordered printed the Board 
Direction, for the information the membership. 

has been found experience that the exclusive use the third 
person, papers and discussions, facilitates whatever editorial amend- 
ment, adaptation condensation may necessary desirable, and 
its use there any loss individuality particular cases, that 
loss more than compensated uniformly impersonal statement 
fact and opinion, which great benefit the reader and student 
engineering literature. 

believed that the reasons governing the Board the adop- 


tion the balance these rules will evident without further 
comment. 


PRELIMINARY PUBLICATION DISCUSSION AND 
CORRESPONDENCE. 


Attention called the fact that, under the rules governing the 
publication papers, discussion and correspondence, recently adopted 
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the Board Direction,* the first preliminary publication discus- 
sions Proceedings appears this number. 

The discussions thus published are: Dry Docks: Stone vs. Wood,” 
informal discussion which took place the meeting Feb- 
ruary 10th, 1899; and the discussion the paper Robert 
Woods, Jun. Am. E., entitled Grades and Cross-Sec- 
tions Asphalt and presented the meeting March Ist, 
1899. 

stated elsewhere, the purpose this preliminary publication 
bring out cross-discussion, and communications relating either 
these subjects are invited, which, received prior April 22d, 1899, 
will published later number Proceedings and, subsequently, 
all such discussions will published with the paper and the author’s 
closure Transactions. 


CURRENT TECHNICAL LITERATURE. 


this number Proceedings printed for the first time, list 
engineering articles which have appeared various weekly, 
monthly and quarterly technical publications during the past two 
months. 

The list does not pretend express any opinion the value 
any the articles mentioned, the object its publication being merely 
call the attention members such the current literature 
would appear interest. Many members doubtless can find the 
articles referred to, local technical library, but the list also 
intended give sufficient information enable one not situated 
procure any article promptly from its publisher. 

cannot expected that such list shall complete, but the 
intention is, found sufficient interest members, con- 
tinue every month. There are many articles published serially, 
references which would make the list too voluminous, and all such 
articles have been omitted. 
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RECENT ENGINEERING ARTICLES INTEREST. 


list published for the purpose placing before the 
members the Society the titles current engineering articles, which 
can referred any available engineering library, can pro- 
cured addressing the publication directly. 

The names and places publication and, wherever possible, the 
price each the journals, are given the following list with Roman 
numeral prefixed. Wherever this numeral found the subjoined 
list articles, refers the publication indicated. 

quite possible that this list, which intended 
each monthly number Proceedings sufficient interest therein 
manifested the membership, does not contain reference every 
interesting engineering article. There are many serials published 
the technical press which would manifestly impossible index 
from month month, and all these are omitted from this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

Journal, Franklin Inst., Philadelphia, 


(4) Journal, Western Soc. Eng., Mona- 
dnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 


(11) Engineering, Wiley, New York 
City, 

(12) The Engineer, International News 
Co., New York City, 35c. 

(13) News, New York City, 

(14) Engineering Record, New York City, 

(15) Gazette, New York City, 


(16) ineering and Mining Journal, 
York City, 15c. 


Quarterly, Mass. Street Railway Journal, New York 
Tech., Boston, Mass., 75c. ity, 35c. 
(8) Stevens Indicator, Stevens Institute, (18) Railway and Engineering Review, 
Hoboken, J., Chicago, 
(9) Engineering Magazine, New York (19) Scientific American Supplement, New 
ity, York City, 10c. 
(10) Magazine, New York City, 
e 


Stadia Diagram. Morris Trumbull. (4) Dec., 1898. 


The Plant the Michigan Portland Cement Company, Coldwater, Mich. Fred- 


ricker. (1) Jan., 1899. 
Russian Portland Cement Specifications. 


Nov., 1898. 
The New Croton Dam. (14) Jan., 

The Viaduct Mungsten. (12) Jan. 20. 
Mélan Concrete Steel Railroad Bridge. 


Concrete and Expanded Metal Highway 
(13) 26. 


erick Lewis, Am. Soc. (14) Feb. 25. 
Comparative Tests Different Forms Cement Briquettes. Prof. Jerome Sonde- 


(14) Feb. 18. 


The New Masonry Dry Dock Boston. (14) Feb. 
Masonry. George Morison, Am. Soc. C.E. (4) Dec., 1898. 
The Theory and Design the Masonry Arch. William Burr, Am. Soc. (6) 


The Castlewood Rock-fill Dam and the Canal the Denver Land and Water Company. 


March 
ridge Construction Allegheny Co., Pa. 


The Old and New Suspension Bridges over the Lewiston, (18) 


Jan. 
Concrete Arch Bridge with Granite Hinges. (18) Feb. 16. 
Standard Specifications for Steel. William Webster. (9) March, 1899. 
The Lift Span the Northern and Western Railway, Newfoundland. 
Chase Thomson. (5) Vol. xii, Part 
The Protection Metal Work. (14) 
Tests Bridge Paint. Baker. (15) 
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Avenue Subway and Tunnel. George C.E. (2) 
Passenger Lift Equipment for the Central London Railway. (11) March 
New General Formula for Train Resistance. (17) Feb., 1899. 
Office System Department Elevated lines, Boston Elevated Railway 
Company. (14) Jan. 21. 
Train Resistance. John Balch Blood. (17) March, 1899. 
New Train Resistance Formula. (17) Feb., 1899. (15) Feb. 17. 
Formulas for Locating Frogs. Malverd Howe. (15) March 10. 
Heavier Rails for Railroads Laid with Flange Rails, Sandberg. (15) Feb. 10. 
Results Obtained the Past Fifteen Years with Stiff and Heavy Rail Sections. 
Dudley. (13) March 
The Manning Improved Rail. W.T. Manning, Am. Soc. (15) Jan. 27. 
The New Railroad Laboratory Purdue University. (15) Jan. 20. 
the Pittsburg, Ft. Wayne Chicago Railway. Coverdale. (4) 
Track Elevation the St. Charles Air Line. Parkhurst. (4) Dec., 1898. 


Joint Track Elevation and Depression Sixteenth and Clark Streets. Vaughn, 
Am. Soc. (4) Dec., 1898. 

Sea Encroachments and Case Groynes. (11) Jan. 27. 

Rock Blasting Under Water. (19) Jan. 

By-Pass Channel for the Chicago River. (13) Feb. 16. 


Clam-Shell Dredge for the Buffalo, Y., Breakwater Construction. 
eb. 


River Waters. Allen Hazen. Assoc. Am. Soc. (3) March, 


Meters. W.C. Brough. (5) Vol. xii. Parti. 
The Venturi Water Meter. Clemens Herschel, Am. Soc. (10) March, 1899. 
Movement Water Mains connection with Pennsylvania Avenue Subway Work. 
Allen Fuller. (2) Feb., 1899. 
The Reconstruction the York, Pa., Water John Birkinbine. (2) Feb., 1899. 
Photographic Study Fire Streams. (14) Feb. 18. 
New Duluth Water-Works. (14) Jan. 21. 
Improved Filter for Microscopical Water Analysis. Daniel Jackson. (7) Dec., 1898. 
The Berwyn, Pa., Sand Filter. (14) March 11. 
The Hydraulic Laboratory Cornell University. (13) March (14) March 
The Laboratory McGill. Bovey and Farmer. (5) Vol. xii, 
Low-Water Measurements the State California the Summer 1898. 
Lippincott. (13) Jan. 12. 
27. 
Possibilities Economy Pumping Engines. (14) Jan. 28. 
The Present Status the Centrifugal Pump. Henry Jones. (13) March 
Duty Trial 090 000-Gallon Pump Buffalo, (14) March 


Sewage Disposal. Harry Parsons. (8) Jan., 1899. 


Aerial Ropeway London Portland Cement Company’s Works. (11) Feb. 24. 

The Production Metallic Tubes Extrusion. (11) Jan. (16) March 

Structural Features the Enlarged Standard Building, New (14) Feb. 25. 

Methods Testing Paving Brick. (14) March 

Water Power Plants with Long Distance Electric Transmission Southern California. 
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LIST MEMBERS. 


ADDITIONS. 
JUDSON........... Wall St., New Assoc. 
York City .... 


ARTHUR South Station, Boston, 


WALTER GILL......City Engineer, 


Jackson, Miss. 
JOHN CHRISTIAN.........Designing Eng., 
vated Ry.Co., Assoc. 
101 Milk St., 
Boston, Mass. 
816 Rookery Bldg., Chicago, 


ity Bldg., St. Louis, Mo... 


ASSOCIATE MEMBERS. 


Apartado 46, Chihuahua, 


gress St., care Jun. 


Detroit,Mich. 
ELMORE ..... Lock Box 183, Steelton, Pa.. 
WARREN........ East Court and Martin Sts., 
Cincinnati, Ohio 
Bowman.......Examiner 


Surveys,Gen- Jen. 
Office, Wash- 
ington, 
Hokendauqua, Assoc. 
ASSOCIATE, 


Durango, Mex....... 


Date 


Membership 


Jan. 
Mar. 


Mar. 


April 
Oct. 


Mar. 
Mar. 


Dec. 


1892 
1899 


1899 


1892 
1898 


1896 
1899 


1899 


1899 


1899 


1894 
1899 


1898 


1899 


1893 
1899 


1892 
1899 


1898 
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GOODRIDGE, 


BENJAMIN 


JUNIORS. 
Date 
981 Greene Ave., Brooklyn, 
Chf. Engr’s. Office, Y., 
R.R., New Haven, 


CHANGES AND CORRECTIONS. 


WILLARD 


WEBSTER... 


Wirt, 


Eaton, FREDERICK 


JAMES BENTON......... 


JoHN 
Jackman, Howarp 
WEBSTER 


JOHN AUGUSTUS 


ETHELBERT.. 


Gen. 


MEMBERS. 


Div. Eng. Easton, Pa. 

Dept. Docks and Ferries, Pier North 
River, New York City. 

Civil and Mining Engineer, Butte, Mont. 

Clevedon, Chatsworth Road, West Norwood, 
London, E., England. 

Mgr., Birmingham Traction 

Birmingham, Ala. 


Ry. Co., Radford, Va. 
.P. Box 39, Savannah, Ga. 
Eng., Rutland Canadian R., South 


Hero, Vt. 


-Mayor’s Office, City Hall, Los Angeles, 


Cal. 


Berlin, Conn. 
The King Bridge Co., 501 Fifth Ave., New 


York City. 


..Company Regt., Vol. Eng., 


Pinar Del Rio, Cuba. 

Eng. Chge. Constr., Lake Tunnel, 
Dept. Public Works, 1529 West Adams St., 
Chicago, 


.605 First Natl. Bank Bldg., Chicago, 
.Fullerton Bldg., St. Louis, Mo. 
.Cons. Eng., 525-526 Lincoln Trust Bldg., 


St. Louis, Mo. 


Care Dept. Matanzas, Army, 
Matanzas, Cuba. 


.Chf. Eng., Virginia Electrical Ry. and 


Development Co., Richmond, Va. 


Sooysmith Co., Cons. and Contr. 


Engrs., Empire Bldg., Broadway, New 
York City. 


.Care Engineering Contract Co., Empire 


Bldg., Broadway, New York City. 


and 


New 
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ASSOCIATE 


ALDERMAN, CHARLES ALDO.......Eng., Dayton, Springfield and Urbana Elec- 
tric Ry., Springfield, Ohio. 

Allegheny Valley Ry. Co., Oakmont, 
Allegheny Co., Pa. 


Brown, WENDELL Care The King Bridge Co., Cleveland, 
Ohio. 

Deans, Care Chas. Sooysmith, Empire Bldg., 
Broadway, New York City. 

ALBERT JAMES........ ...Care Board Engineers Deep 
Waterways, West Congress St., Detroit, 
Mich. 

JABRETT, Epwin SETON.......... Eng., Engineering Contract Co., Empire 


Bldg,, Broadway, New York City. 
Mason.......Care The Mt. Vernon Bridge Works, Mt. 


Vernon, 
AURYANSEN, .......... Bowling Green, New York City. 
Care Chas. Warner Co., Maiden Lane, 
New York City. 
cor. Southern Boulevard and Webster 
Ave., Bedford Park, New York City. 
Care Brooklyn Heights R., 168 Mon- 


tague St., Brooklyn, 


DEATHS. 


Elected Junior Feb. 28th, 1893; Associate 
Member Oct. 7th, 1896; died Feb. 
1899, 

Associate 6th, 1894; died 
March 4th, 1899. 

FREDERIC CANDEE.........Elected Member Aug. 7th, 1872; died March 
1899. 
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BOOK NOTICES. 


BOOK 


THE MICROSCOPY DRINKING WATER. 


George Chandler Whipple. First Edition. Cloth, ins., 
300 pp. New York, John Wiley Sons, 1899. 


This book intended serve guide the water analyst and the water-works 
engineer, and stimulate greater interest the study microscopic aquatic life 
and general limnology, from the practical and economic standpoint. work ele- 
mentary character. Headings chapters Part are: Historical; Object the 
Microscopical Examination; Methods Microscopical Examination; Microscopic 
Organismsin Water from Different Sources; Limnology; Geographical Distribution 
Microscopic Organisms; Seasonal Distribution Microscopic Organisms; Horizontal 
and Vertical Distribution Microscopic Organisms; Odors Water Supplies; Storage 
Surface Water; Storage Ground-Water; Growth Organisms Water Pipes. 

Part contains the Classification Microscopic Organisms. 

The work contains plates and figures and diagrams the text. There are 
on: Collection Samples; Tables and Formulas; Bibliography and 

ossary. 


SEWERAGE. 


The Designing, Construction and Maintenance Sewerage Sys- 
tems. Prescott Folwell, Am. Soc. First Edition. 
Cloth, ins., 372 pp. New York, John Wiley Sons, 1898. 


The author has endeavored embody the most recent data and ideas relating 
Sewerage. Sewage Disposal only briefly considered. 

The subject subdivided follows: 

Part Designing: System Employed; Sewage Disposal; Amount Sewage; 
Flow Sewers; Flushing and Ventilation; Collecting the Data; The Design; Detail 
Plans; Specifications, Estimate Cost. 

Part II, Construction: Preparing for Construction; Laying Out the Work; Over- 
sight and Measurement Work; Practical Sewer Construction. 

Part III, Maintenance: House Connections and Drainage; Sewer Maintenance. 

The book contains tables and illustrated with plates and figures the 
text. Twelve pages are devoted index. 


EXAMINATION WATER (CHEMICAL AND BACTERIO- 
LOGICAL). 


William Mason. First Edition. Cloth, ins., 135 pp. 
New York, John Wiley Sons, 1899. 


Knowledge ordinary quantitative analysis here assumed; therefore the merest 
suggestions are determination the mineral matters present water, 
while properly lying within the scope sanitary examination are dealt with 
more length. 

bacteriology only much touched upon has been demonstrated 
real service the water examiner. 
are: Chemical Examination Water; Bacteriological Examination 

ater. 
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AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


GENERAL CRITERION FOR POSITION LOADS 
CAUSING MAXIMUM STRESS ANY MEM- 
BER BRIDGE TRUSS. 


The most dangerous load which railway bridge subjected 
consists somewhat irregularly distributed series train weights, 
applied the track the points contact the wheels, and the 
trusses the points support the track system. The actual dis- 
tribution such load among the joints the trusses some 
degree uncertain; some assumption must made before the problem 


computing stresses becomes determinate. view this uncer- 


tainty, some engineers prefer simplify the problem replacing 
the actual load ‘‘equivalent uniform load,” series 
equal panel loads, some combination Others believe 
that closer approximation actual conditions obtained using 
series concentrated loads representing nearly possible the 
actual weights carried the wheels the locomotives and cars, and 
assuming each load applied the truss carried simple 
beam supported the two adjacent panel joints. 

sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discussion 


part the this paper consider the relative 
merits these different assumptions. The results the following 
discussion, although especially useful treating the case actual 
wheel loads, are wholly general, far the character the load 
series concerned. This paper offered contribution toward 
the unification the theory maximum stresses due moving loads. 

This theory, with applications the various cases practical im- 
portance, quite fully treated manuals and text-books, and 
special papers dealing with particular methods.* The problem pre- 
sents serious difficulties principle, but the treatment usually 
given lacks generality. This especially true that part the 
theory which deals with the criterion for position loads causing 
maximum stress, special analysis being commonly given for each 
number particular cases. From this lack generality arises the 
chief difficulty applying the rules deduced. The use special 
rule formula each number cases, each involving special 
notation, likely prove confusing, even when each case itself 
sufficiently simple. 

the endeavor generalize the treatment this problem, the 
author was led result simple form and easily applicable the 
various particular cases. the use simple general notation, 
the criterion for maximum stress assumes the same form for all mem- 
bers, whatever their position the The deduction this 
general criterion, with examples illustrating its application various 
cases, the object the discussion which follows. 


GENERALITY THE DISCUSSION. 


will well make clear the outset the exact degree gener- 
ality the discussion. 


regards form truss and choice member, there restric- 


Bryan and Turneaure. 

Roofs and Mansfield Merriman and Jacoby. 

the Calculation the Stresses Bridges for the Actual Concentrated 
George Swain. Transactions, Am. Soc. E., Vol. xvii (1887). 

New Graphical Solution the Problem, What Position Concentrated 
Loads Must Have Order Cause the Greatest Stress Any Given Part Bridge 
Truss Girder,” Henry Eddy. Transactions, Am. Soc. E., Vol. xxii (1890). 


The general formula expressing this criterion was given the author 
presented the Wisconsin Academy Sciences, Arts and Letters, December, 1893, 
and published Vol. the Transactions the Academy. The proof there given, 
though rigorous, was less simple than that now offered. third proof, based upon 
general graphical treatment the problem, and depending upon elementary properties 


the funicular given tue author’s Elements Graphic Re- 
vised Edition (1899). 
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tion, except that the stress must ‘‘simply determinate.” this 
understood that the member under discussion may taken 
one three, through which section may passed completely 
dividing the truss. Figs. show six cases which the analysis 
applies, the member under consideration being every case marked 
and the section dividing the truss being represented broken 
line. 

regards the load series, this may consist any distributed 
concentrated loads. concentrated load, however, regarded 
distributed over finite, though short, horizontal length. This does 
not limit the discussion, far practical applicability concerned, 
since the concentrated loads practice do, fact, act the manner 
assumed. concentrated load, the strict mathematical sense 
finite load applied mathematical point), has only ideal exist- 
ence. Even such ideal loads may regarded limiting cases dis- 
tributed loads, and there difficulty giving discussion 
rigorously applicable such ideal load series. But the language 
used the following analysis exact only when such ideal concen- 
trated loads are excluded. 


DEFINITIONS AND 


Stress Moment and Moment Center.—Suppose the stress any mem- 
ber determined the method For this purpose 
the truss conceived divided section cutting the member 
question and two others; the intersection the axial lines these two 
taken the origin moments applying the equation equilib- 
rium either thetwo parts the truss. Let this origin called 
the moment-center for the member under consideration, and let the 
moment the required stress, with respect this origin, called 
the stress-moment. Numerically, the value the stress-monent 
equal the sum the moments the external forces acting upon 
either the two portions into which the truss divided the sec- 
tion; algebraically, two cases are distinguished the signs plus 
and minus. Calling clock-wise rotation negative, let the stress- 
moment called positive when resists tendency the left-hand 
portion the truss rotate negatively, and the right-hand portion 
rotate positively, with reference the moment-center. 

The kind stress any member may determined inspection 
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the truss diagram, when the sign the stress-moment and the posi- 
tion the moment-center are known. 

Notation.—Of the three members cut, dividing the truss, one 
belongs the chord whose joints the moving loads are applied 
the truss. Let the ends this member designated all cases 
and D', and let and the points support the truss. 
Let the moment-center for any chosen member designated 
Projecting the five points A’, and upon horizontal line, 
let their projections marked Dand The relative posi- 
tions these points each several cases are shown Figs. 
the member whose stress under consideration being every case 
marked 

FD=n, 


Let the signs the four quantities and conform the order 
the letters used defining them, the positive direction being from 
left toward right. Thus and are both positive falls between 
and and are both positive falls between Cand 

Let the load per unit length any point denoted The 
only restriction the value that shall either finite 
zero every point. The only case thus excluded that ideally 
concentrated loads above mentioned. point application 
actual concentrated load becomes very great, but not infinite. 


AC; 
‘cc DB. 


the following analysis, direct reference will made the case 
shown Fig. which the four quantities and are all 
positive. will seen, however, that the reasoning applies any 


the cases shown Figs. regard had for algebraic signs. 


q 

q 
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Value Stress-Moment.—The magnitude the resultant load 
let the distance its line from Abe p,. Similarly, 
let the resultant the loads DB, act line distant from 
and let the resultant the loads CD, act line distant 
from and from 

The stress-moment due may found applying the prin- 
ciples equilibrium the portion the right the 


reaction with respect the moment-center which there- 


fore the value the stress-moment due 
The stress-moment due found similar manner, con- 
sidering the equilibrium the the truss the left the 


section MN; the value being 


\D 


the load the portion applied the truss and 


the portion The effect the former found the 


while the stress-monent due the portion the 
case P,, like manner found have the value 


These values are all positive the case shown Fig. 
The stress-moment due the total load the truss the sum 
these four 
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Change Stress-Moment Due Displacement Loads.— 
the load-series receive small displacement toward the left (this 
being taken the direction for displacements), and let 
denote the resulting increment the value compute 
necessary determine the increments the four quantities p,, 
with respect the second the moment with respect 
the third the moment with respect and the fourth the 

After the displacement, the load which has replaced the re- 
sultant three components, follows: (1) Theoriginal load acting 
this being the amount load which passes during the dis- 
placement, and (3) negative load equal acting just the 
left this being the amount the load which passes off the truss 
during the displacement. The new value the sum 
the moments these three components with respect Therefore, 
neglecting powers higher than the first, have, the value 

Similarly, the load which has replaced the resultant load 
left and negative load acting just the left The 
new value the sum the moments these three compo- 

Similar reasoning gives for the new values and 

The value after the displacement is, therefore, 


the terms involving and disappearing from the simplified result. 
The increment caused the displacement 


Dividing and passing the limit, approaching zero, 
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Condition for Maximum Minimum Stress.—The condition for maxi- 


mum minimum value (and therefore also the stress), 


which gives the equation 


n nN 


the third member the equation being obtained adding the nu- 
merators and denominators, respectively, the fractions forming the 
first and second members. 

This general equation satisfied whenever the stress the member 
shown Figs. and may verified following the above 
reasoning through, taking account the algebraic sign every 
quantity dealt with.* 

Special Forms the General practical use will gener- 


ally found convenient put equation (3) one the following 
forms: 


unless the moment-center infinity. this case (Fig. these equa- 


tions take indeterminate forms. Butsince occurs and 
i 


2 


addition the general criterion expressed equation (3), 
necessary have some means distinguishing between positions giv- 
ing maximum and those giving minimum values stress. Further, 
since the stress any member will, general, pass through number 


the case represented Fig. which the member under consideration be- 
longs the loaded chord, and being all positive, formulas identical with 
equation (3) have been given several writers. The generality the formula seems 
not have been recognized. 


Equation (3c) identical with the condition for maximum shear the panel con- 


taining the web member under consideration. is, course, only when the chords are 


parallel that the maximum shear and maximum stress can assumed occur simul- 
taneously. 


maximum values the loads pass over the bridge, means are needed 
for selecting the greatest the possible maximum values. 

general criterion for distinguishing between positions giving 
maximum and those giving minimum values will deduced below. 
will well, however, first consider the question somewhat less 
general manner. The problem distinguishing between maxima and 
minima, well that selecting the greatest from the possible 


maximum values, may advantageously treated the use 
diagrams.” 


INFLUENCE DIAGRAMS. 


full and clear discussion influence lines, with applications 
the determination maximum stresses various cases practical 
importance, has been given George Swain, Am. Soc. E., 
the paper cited page 69. will advantageous present 
here brief treatment this subject from the general point view 
adopted the foregoing analysis. 

Influence Line.—The line, for given member truss, 
line whose ordinate any point represents the value the stress 
the member due unit load that point. 

General Method Drawing Influence Line.— the following discus- 
sion any ordinate the influence line will regarded agreeing 
sign with the corresponding value the stress-moment, according 
the convention already explained. Positive ordinates will drawn 
upward from the reference line, negative ordinates downward. 

denotes the stress-moment due unit load given position, 
and the perpendicular distance from the moment-center the axial 


line the member under consideration, denotes the value the 
ordinate the line. 

Referring first the case which /,, and are all positive 
(Fig. 1), and repeating the reasoning already given determining 
values the stress-moment due the following results 
are obtained: 

unit load between and distant from causes stress 


This changes from the load passes from 
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comes 


upon the truss and The former causes the stress 


From these results seen that the influence line consists three 


values: 


the various cases shown Figs. considered, these values 
are found correct magnitude and sign for all cases. The fol- 
lowing general property may also readily verified: 

The lines AC, and BD, (produced necessary) have common 


7 
ordinate the point its value being 


This property gives the following general rule for drawing the in- 
fluence line: 


erect ordinate equal magnitude and sign and 
draw straight lines from its extremity the points Con- 
necting and D,, the points which these lines intersect ordinates 
line. 

will seen that, long the moment-center falls within the 
span, that both and are positive, the ordinates the influence 
line are everywhere positive. This the case Figs. and 
There are, however, two types influence line with ordinates every- 
where positive, corresponding the cases which falls within the 
panel (Fig. 1), and without the panel (Figs. and 6). The limit- 
ing case between these two shown Fig. 

the moment-center falls without the span, making neg- 


ative, the ordinates the influence line are positive one portion 


— 
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the span and negative the remaining portion. Fig. represents the 
case which negative, the ordinate being positive and DD, 

the point falls infinity, Fig. the above general rule 
for drawing the influence line means the ordinate becomes 
inapplicable. The lines are this case parallel, and may 
drawn means the general values above given for the ordinates 
Cand may noticed also that prolonged, its 


ordinate has the value and prolonged, its ordi- 


nate has the value These values are determinate even 


when and are infinite. 

When the load series consists concentrated loads, the question 
whether any certain position which the general equation (3) sat- 
isfied gives maximum minimum value the stress may usually 
determined simple inspection the influence diagram. 
also often pussible determine, with high probability, which several 


maximum values greatest, without actually determining the values. 
These questions are now considered. 


BETWEEN AND MINIMUM VALUES. 


Application Influence Diagram.-—Referring Fig. and observ- 
ing the slope each the three straight lines forming the influence 
diagram, consider how the stress the member due single load, 
varies the load moves uniformly from toward the left. During 
the motion from the stress increases uniform rate; from 
greater rate. the load moves from these effects are 
reversed. 

Next consider the effect displacing series loads. above, 
let the total loads Dand respectively, denoted P,, 
Qand P,. Ifthe loads are displaced toward the left, the stress due 
increases, while the stress due and also that de- 


creases. The resultant these three effects may either increase 
decrease; but the resultant rate change the stress (whether 


increase decrease) remains constant long and remain 


constant, that is, long load passes any one the four points 
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the loads approach position causing maximum stress, the 
value the stress increases; they recede from such position, the 
value the stress decreases. The reverse changes take place the 
loads approach and recede from position minimum stress. 

First, suppose the stress increasing the loads move toward the 
left. comes the truss the rate increase the 
stress will become greater. The same will true load passes off 
less, and this effect may sufficiently great change the increase 
into decrease; so, the stress passes through maximum value. 

Next, suppose the stress decreasing the loads move toward the 
left. passes the rate decrease becomes greater. 
load comes the truss one leaves the truss the rate 
decrease becomes less, and this effect may great change 
the decrease into increase; so, the stress passes through mini- 
mum value. Therefore, only when load can the stress 
minimum. 

Like reasoning obviously applies the cases represented Figs. 

Thus, Fig. 2,a maximum can occur only 
load can give neither maximum nor minimum, since and 

form continuous straight line. 

the case web member, represented Fig. the stress may 
either tension compression. The kind stress corresponding 
positive stress-moment (tension this have maximum 
For the opposite kind stress, these statements must reversed. 

Like statements hold for the case which infinity (Fig. 4). 
Fig. maximum value the stress the member can occur 


only when load minimum value may occur when load 


Fig. maximum value can occur with load minimum 
practical importance, shown order illustrate the generality 
the method. Its similarity the case shown Fig. apparent from 


*The actual value the rate increase the stress the loads move may 
computed from the slope the three portions the influence line. Using the values 
the ordinates and above given, this method leads easily equation (2), and 
thus also the general criterion (3). 
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comparison the influence diagrams. may remarked that, 
special case Fig. the point may coincide with (or with A), 
making (or /,) zero. The ordinate would zero, and the 
influence line would have constructed from the values the 
ordinates and one which would zero. 

Critical Points.—It appears from the foregoing discussion that, 
when the load-series consists wholly loads, the stress 
can have maximum minimum value only when load passing 
some one the four points Cand This might inferred also 
from equation only exceptional cases can this equation 
satisfied without there being one these points. Such 
load may, slight displacement, divided any desired ratio 
between the adjacent segments the span. 

These four points may called critical points, and may dis- 
tinguished ‘‘maximum points” and ‘‘minimum accord- 
ing the passage load through them associated with 
maximum minimum value the stress. 

The foregoing discussion shows that, maximum point, the in- 
fluence line convex upward (i. e., toward the positive side), while 
ata minimum point concave upward. this statement 
the points and the influence line extended beyond 
the span horizontal line. 

When only single one the four critical points occupied 
load, such occupied points are either all maximum points all 
minimum points, the form the influence line thus shows glance 
whether the stress maximum make the discus- 
sion complete necessary consider cases which equation (3) 
satisfied while loads are passing both maximum and minimum points. 

General Criterion.—In order deduce completely general rule for 
discriminating between maximum and minimum values, consider equa- 
tion (2) deduced above: 


This value remains constant except when the load (either 


concentrated distributed), passes some one more the critical 
points thus changing the values one more the 


4 
3 
j 
a 
2S 


Assuming small displacement the load-series, let loads W,, W,, 
W,, respectively, pass the four critical Cand The 


change the value may found from the changes P,, 


and For positive displacement (the loads moving toward the 


left), 


P, W, Wa 
Q Wi We 
Hence the change (written increase) the value 


Ny 
n 


According this value positive negative, the value in- 


creases decreases the loads pass through the supposed position. 


sition minimum stress passed, 

This the general criterion for discriminating between maximum 
and minimum values the stress. The application special cases, 
which /,, and are known magnitude and sign, presents 
difficulty. 

The conclusions above reached from the study the influence dia- 
grams for the six cases, may easily verified inspection equation 
(4). Thus, and are all positive (Fig. 1), the first and 


& 


second terms the value are intrinsically positive, while 


the third and fourth are negative. Therefore, for maximum stress 
either must present, while for minimum stress either 
must present. the case shown Fig. the third 


are otherwise the same the preceding case. 
Fig. and being negative, the and terms the 


term the value drops out, being zero; the conclusions 


value are intrinsically positive, while the and 


q 

0} 

ny 


— 


terms are negative. Hence and are minimum points, while and 


are maximum points. The same conclusions apply the case 


shown Fig. although every term the second member equa- 
tion (4) infinite. 


Fig. negative, while and are positive. Therefore 
equation (4) the and terms are positive, while 
the term negative. Hence the only maximum point. 

Fig. being negative, the only negative term equation (4) 
the term. Hence the only maximum point. 


all but one the four terms the value are zero 


when the condition for maximum minimum stress (equation 


satisfied, the discrimination between maximum and minimum values 
thus very simple, being readily accomplished, either simple in- 
spection the influence diagram, noticing the sign the single 
term the second member equation (4). two more terms 
remain, equation (4) must applied. 

Distributed Loads.—Consider next the case which there dis- 
tributed load each the four points Cand Equation (4) 
still applicable, but its form may conveniently changed. accord- 
ance with the notation used the deduction equation (1), let 
denote the load per unit length any point, and let w,, w,, 
the values Cand the loads receive positive dis- 
placement must put equation (4): 


The result is: 


position the loads satisfying equation (3) gives maximum 
minimum value the stress, according the value 
the value known every point, the 
application equation any particular case which and 
are known, presents difficulty. 

Combination Concentrated and Distributed Loads.—Another case 
that which there are concentrated loads certain the critical 


negative positive. 
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points, while others the load distributed. This occurs when the 
load consists one more locomotives followed uniformly dis- 
tributed train-load, often prescribed bridge specifications. The 


value will then contain part the terms equation 


(4) and those equation (4a). Since the latter terms contain 
the factor they will very small comparison with the former, 
and may, therefore, generally disregarded applying the equation. 


DETERMINATION GREATEST 


those cases which loads all positions cause the same kind 
stress the member under consideration, evident that for 
greatest stress the span should loaded fully possible, and 
that the heaviest loads should placed produce great 
effect possible. Thus Figs. and the heavy loads should 
near Fig. near This is, course, only rough, general 
rule. 

When reversal stress possible, Figs. and the two 
kinds stress must considered separately. Thus, for one kind 
stress, loads should cover only the portion for the other kind, 
only the portion HB. These rules are not absolute; may that, 
loads are carried beyond the diminution stress due such 
loads will more than counterbalanced increase due bringing 
other loads nearer their positions greatest effect. 

inspection the influence diagram thus possible deter 
mine, with great probability many cases, which two maximum 
values greater, without actually computing the values. some 
cases, however, may necessary compute the stress for each 
two more positions, order determine with certainty which 
maximum value the greatest. 


GENERAL 


The determination the position series moving loads which 
will cause the greatest stress any member truss thus involves 
the following steps: 

(1) The approximate determination the required position in- 
spection the influence diagram. 


q 


in- 


(2) The testing the exact criterion expressed equation (3), 
one the equivalent equations (3a), (3c). 

(3) The application equation (4) equation (5) determine 
with certainty whether the stress ora minimum. 
the majority practical cases this is, however, unnecessary, the in- 
spection the influence diagram being sufficient. 


Fie. 


APPLICATIONS. 


order illustrate clearly the application the general criterion 
different cases, numerical examples will now solved, involving 
the cases shown Figs. and 

The load-series will assumed consist two locomotives fol- 
lowed uniformly distributed load, the loads and intervals being 
given Fig. practice, diagram should drawn, showing the 
lines action properly spaced, and skeleton diagram the truss 


a Total Load 
10 35 60 8 110 125 140 155 170 180 205 230 255 280 295 310 325 340 (thou’s of ts.) 


Loads 
10 bb b 10 SB 15615 #15 15 (thous of tbe.) 


Dist.from 


prepared movable strip paper tracing cloth, facilitate 
the trial different positions. 

(1) Member Loaded Chord.—Consider, first, the case shown Fig. 
the dimensions the truss being marked Fig. greatest 
stress the member the truss must fully loaded, and the effect 
the heaviest loads will greatest these are near the point 
test the general equation (3) for such positions these general con- 
siderations suggest. 


From the dimensions the truss have 150 ft., ft. 
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seen that there conflict between the requirements that the 
span shall fully loaded, and that the heaviest loads shall near 

found that there are two positions which the conditions for 
maximum stress are satisfied—with either the fourth the fifth load 
that between the two positions maximum stress there another 
position which equation (3a) satisfied. The numerical data for 
testing these three positions and two others are shown Table No. 


No. 


Third load 401250 500 
120 000 000 not satis- 


110000 115000 satisfied. 
000 120000 Maximum. 


Fourth load 4.5 


satisfied. 
ft. left 425000 127500 000 000 127 000 Minimum. 


Fifth load C...| 426 250 127 875 000 000 
110 000 000 140 000 
000 
000 


fled. 


happens that when the fourth load the ninth 
Hence, may include any arbitrary portion each these two loads. 
Thus, the whole the fourth load included the value 
000 Ibs., while may either 000 110 000 any- 
thing between, depending upon what portion the ninth load in- 
cluded the whole the fourth load included the 
value 000 while has any value from 000 000 
lbs. The values corresponding these four limiting cases are shown 


Table No.1. Evidently may have any value between 
107 500 Ibs. and 127 500 and 124125 the 


F 
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Since, the position minimum stress the point 4.5 from 
the fourth load and only 0.5 ft. from the fifth, may inferred that 
the stress greater when the fourth load than when the fifth 
there. This may verified computing the values the stress. 

The general criterion satisfied other position which seems 
favorable for greatest stress. The conclusion that the member has its 
greatest stress when the fourth load 

(2) Web Member.—Consider next the case web member, shown 
Fig. the dimensions the truss being marked Fig. The 
influence line shows that the stress subject reversal, that tension 
and compression must considered separately. will suffice con- 
sider the case compression, corresponding negative values the 
stress-moment. 

the line shows that the load should cover 
the portion the span; that load has its greatest effect when 
and that maximum compression can occur only when load 
(the case maximum with load being excluded because the 
portion the span should free from loads). remains 
apply the exact criterion. 

trial successive positions shows that the criterion for maximum 
stress satisfied when the second load but not any other 
position which seems favorable for greatest stress. 
that this position gives the greatest compression member. The 
data for testing three positions are shown Table No. 

From the dimensions the truss shown Fig. have 


TABLE No. 


Position. 
First load 295 000 167 not satis- 
Second load D.| 310000 —51 667 10000 18388 |Criterion satisfied. 
000 64167 |Maximum. 
1e 
Third load D..| —54 167 35000 64167 |Criterion not satis- 
60000 —110000 fied. 
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(3). Web Member Truss with Parallel Chords.—In Fig. nega- 
tive stress-moment corresponds tension the member For 
greatest tension this member, the influence line shows that only the 

Let the span consist eight panels ft. each. 240 


The criterion for maximum minimum stress reduces 
equation (3c), that is, 


found that this equation satisfied when either the third 
the fourth load Both these positions give maximum values 
the stress. Between them position minimum stress, which, 
applying equation found that which the third 
load 1.5 the left Comparing this with the two positions 
maximum stress, seems highly probable that the greater the 
two maximum values that which occurs when the fourth load 


The numerical data for these three positions are shown Table 
No. 


TABLE No. 
ene n 
Third load 1.5 ft. left D..| 60000 000 satisfied. Minimum. 
Fourth load D........... 094 Criterion satisfied. Maximum. 


(4) Chord Member, Truss with Subordinate Bracing.—The case repre- 
sented Fig. peculiar that and have opposite signs. The 
form the influence diagram shows that for greatest stress the span 
should fully loaded, and that load must for maximum 
stress. 

Let the span consist five main panels ft. each, subdivided 
into ten panels ft. each; then 300 ft., ft., 240 ft., 


Trying successively the positions which appear favorable for greatest 
stress, found that the criterion satisfied when the thirteenth load 


but not with either the twelfth the fourteenth This 
shown Table No. 


TABLE No. 
Position. 
95 000 135 000 
000 150 000 
Thirteenth load 
255 000 000 185 000 |Maximum. 
000 170 000 
000 185 000 
Fourteenth load 
280 000 000 fied. 


When the thirteenth load there also load Since 
determine with certainty whether the stress maximum 


and —1; and equation (4) becomes 


Since this value negative, while positive, the stress 


The conclusion that the greatest stress occurs when the thirteenth 
load 
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Society not responsible, body, for the facts and opinions advanced 
any its publications. 


DRY DOCKS—STONE vs. WOOD. 
Informal Discussion.* 


and 


PRESENTED SPECIAL MEETING THE SOCIETY 
1899. 


Mr. Catheart. Lepyarp Esq.—The modern war vessel prac- 
tically helpless without the dry dock, which she must placed 
periodically for the cleansing the hull, and, with more less fre- 
quency, for the examination and repair all exterior parts below the 
water line. the fleet and that the system national 
dry docks should, then, hand hand; and yet, with rehabilitated 
navy, which already formidable strength, the United States is. 
far behind the other great powers the world, not only the num- 
ber, but apparently the material, its dry docks. the eleven 
which this Government now controls and operates, only four are 
masonry, the remainder being timber constructions; and pro- 
posed further, recent legislation, build three more docks wood. 

Practice Foreign Governments.—The practice foreign govern- 
ments differs widely from this. Europe, not only national graving 


discussion this subject, for which formal paper was 
printed Proceedings order that the views expressed may brought before all 
the Society for further discussion. (See rules for publication, Proceed- 
ings, 71. 
Communications this received prior 22d, 1899, will printed 
Proceedings, and subsequently the whole discussion will published 
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docks, but all great modern works this kind are constructed Mr. Cathcart. 


stone concrete masonry. Thus, the British Government owns 
controls sixty-two graving docks—some which are locks, which 
answer the purposes dry docks—and only one these tim- 
ber, that St. John’s, Newfoundland, which was built the Colonial 
Government. France has thirty-six, Germany has eleven, and Italy 
has twelve, graving docks, all which, the three countries, are 
masonry. Germany, large dry dock was recently designed for 
corporation there, which was subsidized the Government. 
When, however, the dock company proposed use timber the 
material, the Government declined aid, and was only upon con- 
dition that the dock masonry that the subsidy was finally 
granted. 

will seen, then, that the United States Government the 
only one the world which has constructed, directly, timber dry 
dock. The governments Europe have considered the policy 
wisdom build these important works the most enduring materials, 
without regard cost. This decision has been reached, doubtless, 
view, not only the natural decay, the frequent repairs and the large 
expense thereof, timber dry docks, but, well, because the 
perior stability, permanence and safety dock which built 
stone concrete. 

Timber vs. Stone Dry Dock Construction, with Regard Deteriora- 
dry docks are subject decay, especially the upper 
portions the works, which are alternately wet and dry. The de- 
terioration especially swift warm, moist climate; but, even 
northern latitudes, where decay much slower, docks built wood 
require, about years, very extensive renewals. southern 
waters, submerged timber, also, perishes rapidly from the attacks 
the teredo. 

the other hand, the masonry dock, built granite other 
enduring stone and mortar the best Portland cement, perma- 
nent work. the older stone dry docks the United States, where 
the mortar was made with native hydraulic cements, the masonry has 
suffered some injury the joints the entrance works, from which 
there was resultant leakage. This has occurred extent, with 
the docks Boston and Norfolk; but there has been serious 
dislocation the masonry, and the small amount leakage has in- 
jured the structure way and has involved little expense for re- 
newal. These two docks, although sixty-five years old, have had in- 
considerable repairs the masonry. The same action, from the same 
cause, took place with the stone dock the Brooklyn Navy Yard. 
this case, owing the strong pressure from springs upon the site, 
the disintegration joints frost was considerable, and there was 
heavy leakage. made the best manner, were, however, 
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wholly effectual. general principle, may broadly stated 


that possible make masonry dry dock absolutely water tight. 

Cost Maintenance the Various Stone and Timber Dry Docks the 
United States Navy.—The relative values timber dry-dock 
construction may considered, first, with regard the cost main- 
tenance docks, and, secondly, with regard their stability and 
safety. The first consideration only will discussed herein. 

this maintenance, obvious that the proper basis com- 
parison the relative costs repairs the structures proper, not 
including the accessories, such pumping plant, caisson, floating 
gates, inasmuch the cost maintenance the latter should 
the same all similar docks, without regard the material 
construction the dock proper. The history the national dry 
docks the United States instructive this respect. 

Stone Dry Dock the Navy Yard, Boston.—This dock was com- 
pleted March, 1834. The record its repair and maintenance 
prior 1866 incomplete and not readily accessible. From that 
time, however, September 1897, period years, the 
expenditures for these items were follows: 


Repair and maintenance dock proper............. $62 000 
Caisson and swinging gate................ 899 

663 

Average, for dry dock proper, per year............. 000 


will observed that less than half the total amount, 47%, 
was expended upon the dry dock proper. 

Stone Dry Dock Norfolk, Va.—This dock was built cut granite, 
upon the same plans the dock Boston. The early records 
its maintenance are not available. From 1882 1897, period 
years, the expenditures were follows: 


Repair and maintenance dock proper............. $18 776 
Caissons floating gates................ 546 

654 

Average, for dry dock proper, per year............. 251 


will noted that the expenditures upon the dock proper are 
but 30% the total. 

Stone Dry Dock Brooklyn, Y.—This dock was completed 
1851. The figures for this dock not compare favorably with those 
already given, owing the character the soil which was con- 
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structed and the quality the cement used the joints. Many Cathcart. 
difficulties were encountered with the foundations, arising from the 

large springs upon the site, which were never driven entirely from 

the locality. The stratum through which the springs flowed was 

ft. below the foundations. the water was entirely fresh, its vol- 

ume was not affected the rise and fall the tides, and the tem- 

perature differed from that the water the bay, unquestion- 

able that the flow came from source much higher than tide-water. 

Again, the mortar used the construction this dock was not 
made from the fine Portland cement manufactured the present day, 
but from the hydraulic cements which were used all structures 
its type the time its building. 

The heavy pressure from the springs referred to, combined with 
the inferior quality the cement, and the action frost, tended 
produce disintegration the masonry, some extent, with, con- 
sequence, very considerable leakage, thus necessitating during the 
fiscal years 1886-87 and 1887-88, extensive repairs, amounting 
about $88 000. became essential take and relay most the 
masonry the entrance and portion the head. The re- 
pairs, made with great care, and with the best Portland cements, 
were wholly successful, and, during the years which have passed 
since’ their completion, there have been signs failure the 
masonry, any extent. 

Despite these adverse conditions, the total cost repairs and 
maintenance the dock proper, for years ending with 1897, has 
been but $210 618, average 680 per year. The cost re- 
pairs the caisson, gates, etc., during the same period, was $69 762. 
The cost maintenance the pumping plant during this time not 
available. 

Stone Dry Dock Mare Island, dock was completed 


1891. Since that time, to, and including 1897, the expenditures 
have been follows: 


Repair and maintenance dock proper 
Pumping plant 
Caisson floating gate 


792 


$14 405 


Average, for dry dock proper, per year, during this 
period years 


The expenditures upon the dock proper were, this case, but 
the total. will observed that the figures given not include 
the cost 40-ton crane and track, and spare caisson which was 
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provided relief case repairs the original. some pub- 
lished comparisons, later referred to, large proportion these 
items would seem have been charged erroneously against repairs 
the dry dock proper. 

Similar expenditures upon the wooden dry docks the Navy will 
now considered. 

Timber Dry Dock No. Navy Yard, Y.—This dock was com- 
pleted 1890. The expenditures upon for the first years its 
life were follows: 


Repair and maintenance dock proper ............ 982 
Caisson, gates, etc......... 706 

792 


This would give, during this period, average cost repairs per 
year, the dock proper, but $283; but the story does not end 
here. The timber work this dock has deteriorated considerably, 
and inward movement the abutments has taken place. The 
dock, consequence these defects, was surveyed board 
civil engineers 1898, and its condition was such that they recom- 
mended entire remodeling and reconstruction the entrance 
concrete instead timber. its last session, Congress appropriated 
the sum $300 000 for making these repairs. 

this work completed the year 1900, the dock will have 
cost, for repairs and maintenance, during the first years its life, 
$317 774; and, for the dry dock structure proper, $301 982; 
average $30 198 per year. 

quite true that this large sum for repairs concrete much 
more than would the cost the work timber; and yet the Navy 
Department has considered the expenditure necessary order 
make the dock wholly trustworthy. 

Timber Dry Dock the Navy Yard, League Island.—This dock was 
completed 1891. During its first years life, the expenditures 
upon were follows: 


Repair and maintenance dock proper............. $10 202 


‘ 

Average, for dry dock proper, per 700 


very great extent, and there has been inward movement the 
abutments which has threatened increase sufficient prevent the 
seating the caisson its groove. view these facts, Congress, 
its last session, appropriated $64 000 for repairs. these repairs 
completed during the present year, the dock will have cost, within 
the first years its life, $77 947; and the repairs and maintenance 
the structure proper, $74 202, average 245 per year. 

Timber Dry Dock No. Navy Yard, Y.—This dock was com- 
pleted the spring 1897. the years its existence, has 
cost $171 000 for repairs, average $85 500 per year. 

These extraordinary expenditures, but just say, resulted 
from failure the dock, due faults the construction, not 
the design. the work had been faithfully carried out, the injuries 
would not have occurred, and the expenditures for repairs, during 
these years, would probably have been merely nominal. the 
other hand, the failure was character which not have 
occurred masonry concrete dock. 

Timber Dry Dock, Navy Yard, Norfolk, Va.—This dock was com- 
pleted 1889. The expenditures upon June, 1897, during 
the first years its existence, were follows: 


Repair and maintenance dock proper...... $13 576 
Caisson floating 532 

844 


697 


Since the date given above, however, Congress has made two 
appropriations for repairs the structure, aggregating $35 000. 
These will have been expended within few months, making the total 
cost for repairs the dry dock structure proper during its years 
life $48 576, average 857 per year. 

Timber Dry Dock Port Royal, C.—This dock was completed 
1895. For the first years the repairs upon the dry dock structure 
proper amounted 262, average 131 per year. 

Since this period, however, about $12 000 have been expended 
repairs the structure, making for years total $16 262, 
average 065 per year. 

summing up, finally, the relative cost maintenance the 
stone and wooden docks the navy, the stone docks Boston, Nor- 
folk and Mare Island will considered and that New York 
omitted, because, from the character its foundations and the cement 
used originally its construction, not fairly representative. 


The upper portion the timber work, however, has decayed, Mr. Cathcart. 
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From the wooden docks there will omitted also Timber Dry Dock 
No. New York, the large expenditures for which are due faults 
building; but the timber docks New York, League Island, Nor- 
folk and Port Royal will included (see Table No. 1). 

will seen that the dates previously set forth herein, cover for 
the three stone docks, average period years, and for the four 
timber docks average period but years, which period is, how- 
ever, long the age the latter permits. The total expendi- 
ture the structures proper has been, for the three stone docks, 
$82 389, average $27 463 per dock during the average period 
years. The corresponding cost the four timber docks has 
been $441 022, average $110 255 per dock during their aver- 
age life years. The average per dock structure proper per year 
the basis the figures given above is, for the stone docks, 558; 
for those timber, $13 364, more than eight and one-half times 
much. Results such these would seem make most question- 
able the further use timber the building national docks. 

Disregarding, however, all comparisons, the fact remains that the 
four timber docks referred have cost repairs the structures 
proper during average life years expenditures and sums 
appropriated the large amount $441 has been said, the 
failure Timber Dry Dock No. New York, was character 
which could not have occurred masonry concrete dock. 
There ground, therefore, for adding the cost repairs upon its 
structure the above amount, which will give grand total $612 022 
expended repairs, during comparatively brief period, the timber 
docks proper the navy. 

Published Comparisons the Cost Maintenance Stone and Timber 
Dry Docks.—Efforts have been made from time time testimony 
before Congressional Committees, the public press and pam- 
literature, show that the cost maintenance dry docks 
timber much less than that docks stone. 1897 the 
Simpson Dry Dock Company, New York, issued such pamphlet, 
which, since public argument for timber and against masonry 
the material national and other dry docks, may properly dis- 
cussed herein. The pamphlet states that ‘‘the estimated cost 
repairs all the docks based upon close observations and our 
experience over forty years.” Estimates, may said, are not 
facts; and would appear that the absence exact knowledge 
the cost maintenance the various national docks has led, this 
pamphlet, deceptive conclusions. should, well, repeated 
emphatically here that just comparison the maintenance the 
two classes docks can based only the cost repairs the 
dock structure proper, excluding all accessories, such caissons and 
pumping plants. 
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Stone Dry Dock the Navy Yard, New York, from its completion 
1897, $250 000, average 434 per year. Excluding accessory 
structures, the actual figures, already given, are $210 618, 680 
per year. 

Again, there given total $16000 for general repairs 
Timber Dry Dock No. the Navy Yard, New York, average 
$923 per year. The facts are that the repairs the dock structure 
proper were only 982, $270 per year; but, already shown, the 
cost repairs, renewals and reconstruction the entrance will 
$300 000, which will bring the yearly average for repairs the dock- 
structure proper $30198. should stated, however, that 
when this work completed, further repairs will, probably, re- 
quired for considerable time. 

The Simpson figure for general repairs the Granite Dry Dock 
Norfolk since the year 1865, $125 000, per year. will 
observed that this not claimed actual, but estimated, 
expenditure. the Government report, the Board Dry Docks, 
1898, the total repairs from 1882 1897, only, are given. 
therefore presumed that there are data available expen- 
ditures during prior years. This report gives total outlay, for these 
years, $61 430, which only $18 776 were applied the structure 
proper, yearly average but 251. The Simpson estimate from 
the year 1865, and matter history that this dock and its gate 
were seriously injured the Confederates during the Civil War. 
Large amounts were spent repairing the damage caused their 
attempt blow the dock, and, even the Simpson estimate re- 
ceived correct, apparent that the bulk the expenditures must 
have been unusual and not due ordinary wear and tear. 

With regard the Timber Dry Dock the Navy Yard, Norfolk, 
the Simpson Company estimate the repairs the dock structure, 
the year 1897, 000, $818 per year. The expen- 
ditures given the Government Dry Dock Board must, however, 
regarded authentic. These show, analysis, that during this 
period the repairs the structure proper this dock amounted 
$13 576, average yearly cost 697, and when, the current 
year, the repairs appropriated for and now being made are completed, 
the average annual expenditure will have been upon the dry 
dock structure proper. 

The Granite Dry Dock the Boston Navy Yard estimated, 
the Simpson pamphlet, have cost for general repairs, from its com- 
pletion 1897, $150 000, yéarly average $2343. The Dry 
Dock Board gives the total expenditures from 1866 1897 about 
$131 000, which one-half was upon the dry dock structure proper, 
making average yearly expenditure upon the latter about 000. 


The Simpson pamphlet estimates the total cost repairs the Mr. Cathcart. 
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Mr. precise record seems have been available giving the cost 
repairs detail prior 1866; but the Board states that during the 
years 1855 and 1857 about $21 000 were expended upon new engines. 
more than probable that the repairs the dry dock structure 
proper, from the time its completion down 1866, were very 
slight, since the annual report the Chief the Bureau Yards and 
Docks for the year states that the stone dry dock Norfolk had 
then been use for twenty years, and was perfect condition. 

would appear, therefore, that least $21 000 the general re- 
pairs estimated the Simpson pamphlet $150 000, must have been 
applied the pumping plant prior 1866, and, this estimated 
total general repairs correct, the average expenditures upon the 
dry dock structure proper, from its erection the year 1897, must 
have been very much less than per year, probably about half 
that amount, since the Dry Dock Board gives about $65 500 the ex- 
penditures upon accessories from 1866 1897, and further amount 
$21 000 spent upon new engines 1855 two items 
make total $86 500, which leaves but $63 500 the Simpson esti- 
mate for the maintenance the structure proper during about 
years, average less than 000 per year. 

referring the concrete and granite dry dock Mare Island, 
Cal., the Simpson Company began their estimate repairs from the 
-year 1891. From this time 1896, they give the general repairs 
$25 000; this they add $50 000 for new caisson—which was dupli- 
cate and not replacement—obtaining thus, for general repairs, 
most erroneous total $75 000, with absurd yearly average 
$12 secondary proposition, they state, that, the item 
the caisson omitted, the repairs will average 166 per year, and 
add, finally, claimed modern, stone dry dock every 

respect.” 

These estimates will now studied the light the facts. 
ment, the actual expenditures upon this structure and its acces- 
sories, obtained upon inquiry, gives the total for repairs, from the 
dock’s completion 1891 1897 inclusive, only $14 406.86, 
which amount 258.55 were upon the pumping plant, 534.59 upon 
the caisson, etc., and but 613.72 upon the dock proper, average 
$230.53 per year during this period years. The average ex- 
penditure for general repairs was 058.12, which figure just half 
the corresponding Simpson estimate. 

The cost the caisson mentioned has bearing either facts 
within the dock, and its cost, $50 000, belongs equipment, not 
repairs. There place near Mare Island where injured 
caisson could docked; and, view this isolated situation, the 
Navy Department decided have the duplicate built. 
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The erroneous estimate for general repairs, given Mr. Cathcart. 


above, can accounted for only the supposition that there were 
included therein certain expenditures made 1896 for 40-ton crane 
and track for use about the with the duplicate caisson, 
must classed equipment, not repairs. 

will seen, therefore, that the repairs this stone 
dock” were practically insignificant, respect the structure proper 
and exclusive the accessories, which are class belonging all 
dry docks. 

The Simpson statement the timber dock the Navy Yard, 
League Island, gives amount $10 000 for repairs and improve- 
ments from March 4th, 1891, January, 1897, period about 
years. deducting 000 for raising the coping and for re- 
pairs caused the method carrying out the work upon adjacent 
wharf, the cost maintenance the dock reduced total 
000, and average $166.67 per year. 

has been shown previously, Congress has appropriated $64 000 
for repairs made during the present year the structure proper 
this dock. scarcely necessary, therefore, challenge the 
estimate above, since this appropriation alone gives yearly average 
over 000 for repairs the dock proper. 

The timber dry dock Port Royal, C., was not built the 
Simpson Dry Dock Company. Their pamphlet gives estimate for 
general repairs dock and accessories 000 for the years, 
500 per year. This yearly average believed substantially 
correct. 

concluding the analysis the cost maintenance the various 
national dry docks, estimated the pamphlet issued the Simp- 
son Dry Dock Company, desirable state that this analysis has 
been undertaken only view the fact that this company fore- 
most among the advocates timber dry docks, and that its arguments, 
published this pamphlet, and presented the Naval Commit- 
tees the two Houses, have had much influence shaping the action 
Congress with regard the material construction for the national 
dry docks. 

considering the cost repairs timber dry docks, given 
this pamphlet and other arguments presented the advocates 
modern docks, will noted that the timber docks the Navy, which 
are cited examples the small expense maintenance for this 
material, range age from but years. Being thus practically 
new, obvious that their deterioration cannot have progressed 
ciently give true indication the cost repairs the long run. 
For correct estimate the latter, the comparison must extend 
over period, the close which decay shall have reached such 
stage that will necessary make repairs sufficiently extensive 
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Mr. restore the dock its originalsound condition. other words, make 


the comparison, not repairs for temporary patch-work, but the 
reconstruction fair portion such dock, built, is, perish- 
able material. 

Even such comparison has been possible give herein, from 
the data these practically new timber docks the Navy, will show, 
however, that their yearly cost maintenance, presented the 
advocates wooden structures, misleading and far below correct 
measure These docks are certainly equal, not superior 
to, the average timber dry docks constructed elsewhere; not 
clearly apparent that their cost maintenance very large, exceed- 
greatly that given the pamphlet referred and other reports. 

The comparison instituted herein has been based upon the cost 

repairs the dry dock structure proper. The advocates timber 
construction seem prefer comparison founded the entire general 
repairs the docks, including all accessories, such caisson, pump- 
ing plant, etc. submitted, that, even the latter method were 
proper, the showing which has been presented the public unfair, 
that the timber docks, being from but years old, have not 
reached time when these accessory structures require renewals ex- 
tensive repairs. obtain correctly this yearly average for general 
repairs, which timber advocates prefer, this stage renewals acces- 
sories must awaited. When shall have been reached, plain 
that the comparison will much more unfavorable the wooden 
dock. 

With regard the stone docks the Navy, must said, also, 
that the cost their maintenance, presented their opponents, 
largely misleading. The comparisons given, these docks, 
timber advocates, are founded, not upon the maintenance the 
structure proper, but upon the general repairs the dock and its 
entire accessories—a principle which obviously wrong. The errors 
arising from the adoption this method are magnified this case 
the very considerable age the majority these four docks, two 
them being 65, and one The repairs the accessories 
form, therefore, very large proportion the total cost main- 
tenance, amounting, with the dock Norfolk, for years, 70% 
the total; with that Boston, for years, and with that 
Mare Island, for years, per cent. The maintenance the 
timber docks, the other hand, including repairs all kinds, has 
not, because their youth, comprised any considerable expenditures 
upon caissons, gates pumping machinery. 

summation, may said that the data set forth herein would 
appear show conclusively that the average yearly expenditure for 
the repair and maintenance masonry dock, built the best manner 
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and superior materials, inconsiderable, both the aggregate Mr. Cathcart. 
and the percentage the original cost; while the same items, 
with regard the timber docks the Navy, are unquestionably very 
large. 

view the fact, that, for years past, the Government has 
been practically committed the policy timber docks, having, 
within that period, built six this material, and, the further fact, 
that, recent legislation, three more these structures are author- 
ized, the subject presented the members this Society for dis- 
cussion. The growth the United States nation, and the results 
the recent war, foreshadow early and considerable increase 
the force afloat. The defense coast line, extraordinary extent; 
the acquirement territory beyond the sea, which must held—as 
was won—largely the Navy; the probable entry the United 
States into Asiatic politics; and the prospective revival the mer- 
chant marine, which the fleet must lead and guard—all point this. 
The full consideration any factor, therefore, which essential 
naval strength—as trustworthy system dry docks surely is—must 


interest, not only the engineer, but every man who has 
heart the welfare the country’s gallant fleet. 


No. 


Average, Previous 
Dock. Years. dock proper average per 


Stone, Mare Island............ 1613 


Average..... 


Timber, No. New York..... $30 198 


Averages $13 364* 841 


The item 558 the basis three docks 17% years per dock. Similarly, the 
item 364 based four docks years per dock; $13 364 about times 558; 
or, taking previous averages, $11 841 about times 160. 


Commodore subject, the speaker’s Com. Melville. 
opinion, prime importance the further development and main- 
tenance that strength upon the sea, which—more and moreas the 
years pass—the nation will find itself need. 


Chief Bureau Steam Engineering, U.S. 
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With the acquirement distant island territory, swarming with 
bronze-hued aliens, ‘‘The White Man’s Burden,” which Kipling 
writes, the civilization and enlightenment silent, sullen 
peoples,” laid last the broad shoulders the United States. 
With this there looms well golden future the Pacific, the 
extension the nation’s trade its uttermost island and the vast 
Asian littoral beyond. Finally, the time seems ripe for the merchant 
marine take again its proud place old, when its flag streamed 
over every sea. 

These considerations point with uncertain hand the nation’s 
need the early future strong force afloat; and, maintaining 
the efficiency that force, worthy system dock construction 
cardinal essential. The speaker desires, therefore, place record 
his opinion—as has done the past—with that the Secretary 
the Navy, with that his distinguished colleague, Commodore Endi- 
cott, and with that his predecessor, Admiral Matthews, being 
opposed most strongly the flimsy structures, costly their weak- 
ness, which have built timber dry docks for the Navy. 
the use wood for the docks private corporations, the speaker has 
nothing say. plentiful and cheap; the average draught 
merchantmen light; the structures are less costly; and the exigen- 
cies private business may require them. With Government con- 
structions, however, none these considerations holds. wise nation 
builds, not only for its generation, but for its sons the coming years; 
and we, our day, are not true this principle the timber-ven- 
eered excavations, perishable and perilous, which, for years past, 
have been inflicted upon the Navy. 

The speaker will consider, first, the comparisons which have been 
advanced the opponents stone docks, with regard the first 
cost the two types. this matter has been the practice some 
timber advocates compare the cost wooden docks, built con- 
tract for the Government, with that granite docks constructed the 
navy yards day’s labor, extending over long series years, 
appropriations were made from time time Congress. Thus, 
found that the Simpson Dry Dock Company, its public arguments, 
has instituted such comparisons first cost its own timber 
docks, built contract for the navy from months years, 
with stone docks the construction which the Government ex- 
tended, respectively, over and years. 

Such comparisons are grossly unfair. The only just system 
this would compare timber docks and stone docks built under 
exactly the same conditions; that is, contract, after public adver- 
tisement, under authority from Congress enter into contract for the 
full completion the docks the earliest possible date. For the first 
time the Navy’s history now possible compare the relative 
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cost timber and masonry docks approximately the same size and Com. Melville. 


built under substantially the same conditions. 

The proposals opened recently for dry dock Boston will furnish 
fair comparison this respect. The lowest bids for this structure 
show that the Government will able build contract dock 
the very largest size, constructed concrete and stone masonry, 
within the sum 000 000, advance but upon the 
amount appropriated Congress for each the three timber docks 
now authorized. view the cheapness wood, compared with 
concrete and stone, would appear either that its manufacture into 
timber dock somewhat costly operation, else that there very 
large profit included the sum appropriated Congress for these 
timber docks. The matters first cost and cost maintenance, 
however, are minor issues only, which should have determinate 
bearing. 

The real question the stability and safety which 
may, any time, hold within great battleship, costing millions 
dollars and swarming with hundreds men. The nation, save 
dollars, cannot afford imperil its naval strength risk human 
life; and these very things its policy unwisdom docks com- 
pels daily the entrance ships into structures which have shown, 
time and again, their weakness. None the timber docks the 
Navy exceeds years age, and yet abutments have moved inward, 
and other injuries, more less serious, have occurred them, ex- 
tending from the bursting the altar system, League Island, 
Port Royal and New York, the distortion the floor the dock, 
Port Royal, and the partial collapse, the case Dry Dock No. 
New York. That catastrophe—great financial loss and 
appalling the destruction yet occurred, due solely 
the care and skill those charge these weak docks. The 
battleship Massachusetts was saved— during the partial collapse 
Timber Dock No. New York—only the hasty flooding the 
structure and the hurried removal the ship from its treacherous 
grasp. 

discussing the relative strength the two types docks, the 
opponents stone lay stress only upon the capacity withstand the 
vertical thrust the ship upon the flooring the dock. The stone 
dock may rest bed natural rock, one impervious clay, 
upon piling foundations. The timber dock built always upon 
piles. calculations referred to, therefore, the most difficult 
cases, consist simply those based upon the strength, penetration 
and cross-section the piling, involving but little engineering skill. 
These statements are parte and fallacious, and ignore wholly the 
inherent and vital weakness the timber dock, which lies its ten- 
dency inward collapse under the hydrostatic pressure horizontally 
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Com. Melville. and from without, upon its sides, and vertically from beneath, upon 


its floor. 

such danger threatens properly constructed dry dock 
masonry.. With good materials and workmanship, possible 
make absolutely water-tight, and the structure has, itself, 
weight more than sufficient withstand the hydrostatic pressure from 
without. Stone and concrete give that weight, and, since these 
materials, when properly embodied, will last for centuries, that weight 
ean never lost. For all practical purposes, the stone dock 
enduring the everlasting hills. 

With the timber dock the case radically different. Its integrity 
best—depends solely upon success pinning the 
ground. Such dock has merely thin veneering timber, lining 
the excavation and held down piles driven into the soil, which 
piles the timbers are bolted. would be, obviously, both futile and 
dangerous attempt exclude from such structure the entrained 
water the surrounding soil. The timber dock, therefore, one 
tight joints only the abutments, being open sieve elsewhere, 
and leaking, more less, the amount water the circumjacent 
ground large small. lacks utterly, therefore, the tightness 
and weight which give stability and permanence the dock stone. 

Furthermore, apparent that this hydrostatic 
graving docks, the chief force met and guarded against— 
increases with the depth. this dimension increases, therefore, the 
more unfavorable become the conditions for the wooden dock, which 
has relatively inherent weight oppose resistance pressure 
from without. With such increase, its stability and safety suffer 
rapid decrease, and there swift growth the tendency rupture 
the bottom and sides. From this point view, the question becomes 
one great importance and risk, with regard the very deep docks 
which are now necessary for the larger cruisers and battleships the 
Navy. 

has been shown that the leakage the timber dock depends 
simply upon the amount water present the adjacent soil. Now, 
this very leakage, which one sense element safety the 
structure, is, another, source, ultimately, sure and grave 
danger; for soil carried with the leakage, the latter increases, 
and there displaced finally much material cause least 
partial failure. This was the case recently Dry Dock No. the 
Navy Yard, New York. 

stone dock, however, leak not followed such results, 
since the structure homogeneous and all joints are water tight. The 
failure one more the latter does not, therefore, involve neces- 
sarily the failure others. matter fact, the stone docks 
the Navy Yards Boston and New York have leaks to-day which have 
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existed for many years without measurable increase and without in- Com. Melville. 


volving the structures any extent. true that the masonry 
the entrance the Boston dock has been displaced slightly the 
action frost upon the open joints; but the weight the structure 
such that, these joints were all open, would still act dry 
retaining wall arch, without danger failure. 

least two the timber dry docks the Navy suffer from ex- 
cessive leakage, with its resultant dangers. the Norfolk yard, 
wooden dock founded bed clay excellent quality, and the 
leakage very small. That Timber Dock No. the Navy Yard, 
New York, amounts little more than 100 galls. per minute, which 
moderate, considering the character the soil. The leakage the 
timber dock Puget Sound, not much more; but this due chiefly 
the fact, that, the construction, provision was made for admitting 
the water from the soil, through system sub-drains and valves, 
into the drainage culvert, and thence the pump-well, from which 
discharged the drainage pumps. This was done order re- 
lieve, largely, the bottom the dock from hydrostatic pressure. 

With the wooden dock League Island, however, such advant- 
ageous conditions prevail. has always leaked excessively, the 
amount entering from the surrounding soil varying from 200 
700 galls. per minute. This great volume taxes fully the drainage 
apparatus originally installed; and, obviate the inconvenience and 
risk, which would arise from the failure this pump, duplicate ap- 
paratus has been erected. This duplicate pump stands to-day elo- 
quent, silent, monitor the unwisdom the wooden dock for 
national use. When ship the dock and necessary keep 
the floor dry, one these drainage pumps runs constantly. 

the Port Royal Dry Dock, the leakage about the same, and 
was found necessary fit reliefs very largely the bottom and sides, 
order prevent recurrence the upheaval and rupture the 
structure, which occurred about the time its completion. 

The foregoing has referred the stability and safety national 
docks wood, the past. The speaker will now examine briefly the 
programme for the future. the Act Congress, approved May 4th, 
1898, there were authorized four new dry docks for the Navy, one each 
Portsmouth, H.; Boston, League Island and Mare Island— 
all the largest size. All these docks were timber, 


cost not exceeding $825 000 each; but the Secretary the Navy 


was authorized, his discretion, build one granite, concrete 
faced with granite, the limit cost, this case, being increased 
$200 000. 

the exercise the discretionary powers lodged him, the Sec- 
retary the Navy decided build the dock Boston granite, 
concrete faced with granite. stated previously, the bids for this 
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Com. Melville. dock fall considerably within the appropriation and are about 


Com. Endicott. 


excess the amount appropriated for each the wooden docks. 

The absurdity further continuance the policy extrava- 
gance and disaster the building wooden docks shown, not only 
the facts above given the relative costs the types, but 
further facts with regard the soil which the proposed docks are 
located. For instance, that built League Island will 
meet the same adverse conditions which its timber predecessor 
there has succumbed. The soil there contains stratum compact 
sand and gravel, which water-bearing, and the surface- water, when 
meets this stratum, flows into the dock, the latter acting huge 
drain. Shall there erected League Island, more duplicate 
pumps, costly monuments the timber folly? 

Again, borings the possible sites for the proposed timber dock 
Portsmouth, H., show, thus far, that the excavation for this dock 
must blasted from granite, and, then comply with law, lined 
with wood. The advocates timber could ask deeper devotion 
their theories and interests, than this. 

the speaker’s view, Congress has acted this matter without 
full knowledge all that bears upon the case. Commodore Endicott, 
report the Secretary the Navy, which has been transmitted 
Congress, has set forth the facts with clearness and great strength. 
The such importance the future our gallant 
that its discussion cannot too wide. engineer who has served 
both land and sea, the speaker regards it, therefore, duty and 
pleasure present his views this subject. 


Am. Soc. E.—It probable that the first 
dry docks were constructed Great Britain. known that, the 
time Queen Elizabeth, docks for the reception vessels needing 
repairs were made excavations into the soil bordering water-ways, 
lined with timber and backed with clay protect the floor and sides, 
and fitted with gates the entrance shut out the water. The 
vessels that time were quite small and the docks were correspond- 
ing dimensions. 

the time Charles several docks were constructed English 
ports, for the use the British Navy, which were considerable size. 
These were also timber. 

far the records now show, all the earliest docks were wood, 
and were what are now called graving docks; that is, the dock was 
formed making excavation the earth and lining the bottom 
and sides, thus forming receptacle for the vessel, into which could 
floated, landed upon supports, and left accessible for examination 
and repairs when the water should exhausted from the dock. 
time went on, and larger and better docks were called for, the con- 

Chief Bureau Yards and Docks, 
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the construction certain portions the docks, and present there 
are the Thames many docks which are built all these materials 
combination; that is, partly wood and partly brick stone, 
and, the case those later construction, concrete, also. 

The transformation has progressed Europe such extent 
that, the present time, practically all the large docks are built ex- 
clusively masonry, classifying concrete, for the present purpose, 
under the head masonry, although strictly speaking not. The 
records, far accessible, show that abroad there are construc- 
tions this kind timber. The present Chief Constructor the 
Navy, Mr. Hichborn, who visited Europe 1885, states that that 
time the later docks were built largely concrete, and were the 
most substantial construction; and speaking those the Thames 
(private docks), number were built wood, but the principal docks 
were masonry concrete. 

Masonry docks are the outgrowth some centuries experience 
the construction and use works this kind. foreign practice, 
case the survival the fittest. 

The first dry docks America were constructed the United 
States Government, and were begun about the year 1828. Before these 
were undertaken, Congress authorized the Secretary the Navy 
engage skilful engineer prepare the designs for these structures, 
and Colonel Loammi Baldwin, Boston, Mass., was employed. 
came the duty well fitted for the work, having prepared es- 
pecially visit Europe for the purpose studying structures 
this class. With the experience the Old World before him, very 
wisely decided model the structures for this Government after those 
which had been evolved from the experience many years abroad, 
and made the two docks then authorized for the Navy, Boston 
and Norfolk, the finest examples fine masonry submarine works 
that then existed this country. They were regarded among the 
best and most creditable public works built for the Government 
that time, and were pointed with pride works showing great skill 
design and execution, and well adapted for the purpose docking 
and repairing the vessels the Navy. 

The construction these docks extended over several years, and 
they were not completed until 1834. They were built compara- 
tively moderate cost, the Boston dock costing about $677 000,* and the 
Norfolk dock about Both were substantially founded upon 
piles, were built entirely stone, and were faced with cut granite 
the tinest quality and workmanship. 

The granite dry dock the Brooklyn Navy Yard, completed 
1854, followed, and, for various reasons, was very expensive structure, 


This dock was afterward extended length, bringing its cost, date, $972 000. 


struction gradually changed, and brick and stone came into service for Com. Endicott. 


e 
Le. 
Tas 
om 
ald 
ion 


108 DISCUSSION DRY DOCKS. [Papers. 


Com. Endicott. costing 000 090; and then came the dry dock Mare Island, Cal., 


which concrete structure lined with cut granite. 

the interval between the construction the Boston and Norfolk 
docks, and that Mare Island, the Government built float 
ing dry docks wood. Two three were the balance type, that 
is, one section, and several others were the sectional type, and 
the case those 300 ft. more length, the sections numbered 
many asnine. The balance docks were used connection with shallow 
basins, were the sectional docks, order that ship, taken 
the floating dock, could, the sinking the dock upon the floor 
the basin, hauled out upon railway shore for extensive repairs, 
while the dock could for docking vessels for slight repairs, 
not requiring hauling out. 

not the purpose discuss the merits floating docks. This 
simply mentioned incident the history the dry docks 
the Navy. They had their day, but not proving satisfactory, 
durable convenient the masonry graving dock, they were not 
replaced. They gradually deteriorated much require extensive 
rebuilding. To-day only one these docks remains service, that 
the Portsmouth, H., Navy Yard, and now safe only for vessels 
weighing little more than 000 tons. 

The timber graving docks the present day the United States 
did not originate the Navy. They were constructed first the 
Great Lakes. timber dock built Buffalo, Y., 1840, 
was inspected the speaker few years ago, when was assured 
the officers the company then owning it, that was built not later 
than the year named. The speaker has been led believe, from some 
investigations made since, was built even earlier than that time, 
and that the timber graving dock made its appearance this country 
early 1837 1838. Others followed, and many docks this 
type are now found Buffalo, Cleveland, Chicago, Detroit, Port 
Huron and other places. While they differ details from each other 
and from those built the Atlantic coast, they are all the same 
general type, that the excavation lined entirely with wood secured 
piles driven the bottom and upon the slopes the sides, and 
faced with longitudinal timbers, forming steps altars upon the 
sides. 

The first timber dry dock built upon the Atlantic Coast was 
Boston, Mass., 1854, fully years after the construction 
similar dock upon the lakes. was the same general construction, 
and differed only details. Other docks upon the Atlantic Coast fol- 
lowed, all built Simpson Company, that here this type 
dock has come called the dry dock. 

About the year 1886 the question the construction additional 
dry docks for the Navy became important one, the Navy was 
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old sectional docks were disappearing, the need for further docking 
facilities was felt. 

Without entering into all the reasons which led the Government 
abandon the construction masonry docks and take with those 
timber, may said that this was due the advocacy this type 
dock persons civil who were interested their construc- 
tion, and few officers inside the naval service who had championed 
the cause this type. 

The timber dock was presented the attention the Navy pos- 
sessing not only many good qualities, but many far superior those 
the stone dock. The most attractive arguments presented the 
advocates the former were its cheapness, its convenience the way 
accessibility the floor the gently sloping sides and low altars, 
its width top, admitting light and air freely, its immunity from the 
disintegrating effects frost, and its greater comfort for workmen 
winter weather. negative advantage, urged recently one 
its strongest advocates, before the Senate Naval Committee, that 
will last years, and that long enough for anything last.” 

The arguments advanced its advocates were successful secur- 
ing favorable action the committees Congress, and the first ap- 
propriations for timber dry docks were made 1887, providing for 
two, one the New York yard and one the Norfolk yard. These 
were followed one the League Island yard, completed 1891; 
one the Port Royal Naval Station, completed 1895; one the 
Puget Sound Naval Station, with masonry entrance, which was com- 
pleted 1896, and one the New York Navy Yard, called Dry Dock 
No. completed 1897. The Government was thus fairly launched 
the policy the construction timber dry docks, and seemed 
though would impossible again secure appropriation 
from Congress amount sufficient build masonry dry dock; 
fact, the acts making appropriation, almost every instance, 
well limiting amount only sufficient for timber dry dock, 
provided specifically for one such material. 

The last Congress made provision for four timber dry docks, 
constructed, one each Portsmouth, H., Boston, Mass., League 
Island, Pa., and Mare Island, Cal., but provided that the Secretary 
the Navy might, his discretion, build one them granite, con- 
crete lined with granite, and such case the limit cost was 
increased $200 000, total The Secretary exercised 
the authority granted this act deciding that the Boston dock 
should granite concrete lined with granite, and plans and 
specifications were prepared for dock this character. Bids were 
opened January 1899, the Bureau Yards and Docks, and 
resulted proposition providing for dock with granite facing and 


building vessels steel which required frequent docking; and, the Com. Endicott. 
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concrete backing, complete, for about the amount the appropria- 
tion, about 000 000. This result was much more favorable than 
anticipated, and showed for the first time that masonry dock the 
largest size and the best construction could built for sum not 
greatly excess the cost timber dock the same general fea- 
tures and dimensions. 

Prior the final passage the act making appropriation for these 
last-named docks, the Department had been before the Senate Naval 
Committee advocacy the construction granite rather than 
timber docks, and the Board Dry Docks, appointed the Depart- 
ment 1897, had reported recommendations which were, effect, 
favor the policy docks masonry instead timber. This 
report was laid before Congress the Department. The Depart- 
ment had thus taken such steps might bring the attention 
Congress its views and advice the matter the construction 
these important structures, and the action Congress, having been 
substantially adverse this advice, the Department was not disposed 
pursue the matter further with respect the docks then author- 
ized and provided for. 

The possibilities the way the construction masonry docks, 
shown the letting just referred to, were such importance that 
the Bureau believed advisable bring them particularly the at- 
tention the Department, and, through it, Congress, with 
securing reversal the action already taken the act referred to. 

The subject the advisability constructing these works 
stone rather than timber had received much attention from engi- 
neers and from the press, and there seemed wide interest 
the matter, and strong public sentiment against the course pre- 
scribed Congress with reference the materia] which they were 
constructed. had also become quite apparent that the gen- 
eral sentiment among officers the naval service who took interest 
the matter and had paid much attention it, was, with very few 
exceptions, strongly favor masonry docks. Altogether, seemed 
the Bureau that the result bids for the Boston dock indicated 
that the time had arrived for the Department make another effort 
save the Navy from the construction more timber docks. 
making such move there seemed prospect success, and the 
Bureau addressed letter (published the New York Tribune), the 
Secretary the Navy, strongly urging the Department make 
another effort with Congress abandon the construction timber 
dry docks and re-enter upon the policy, which instituted the 
early years the century, building for its Navy the safest and best 
dry docks, and which had become the policy all other first-class 
naval powers. 


pursuance this recommendation, the Department has again 
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committees, and has laid before them the Bureau’s recommendations 
the matter, with its earnest approval. The matter has been 
brought opportune time, for several reasons: Because the 


timber docks heretofore built are beginning show that they are 


temporary and unsafe structures; because the proposals for the Boston 
dock show that first-class masonry dock can constructed for 
reasonable sum and moderate increase over the cost timber 
dock; and because the public mind alive the subject 
favor good, substantial, creditable structures this kind for the 
Navy. Therefore, the recommendations and efforts the Navy De- 
partment, backed disinterested, logical and earnest sentiment, 
are almost sure bring about change the present policy. 

timber dock temporary structure, and the chief material 
entering into its construction wood, requires very extensive re- 
newals early day, varying, according the kind wood used 
and the local influences, from years, when they amount 
practical rebuilding the upper portion the structure, and fre- 
quently its entire reconstruction. first cost timber dock 
small, compared with that masonry dock, the rapid deterioration 
referred results considerable expenditures the end few 
years, the structure kept good condition, and the repairs and 
renewals are extent necessary preserve the dock condition 
safe and good when completed. The experiences the Navy, 
thus far, with timber docks, although extending over only few years 
—the dock now longest use having been built about years ago— 
show that the expenditures necessary restore them their original 
condition the end this latter period are very considerable, and 
appear several times great those for stone dock about 
the same dimensions. For the purposes fair comparison the cost 
the maintenance and 'renewal accessory structures, caissons, 
pumping machinery, etc., should neglected, and parallel should 
drawn entirely between the expenditures made upon dock 
structures proper; which, the case one, would stone and con- 
and the the other, timber. 

The records the stone docks the Navy, far they have 
been collated, show that, generally speaking, the repairs are very small 
indeed; the only instance which any individual repair has been 
considerable magnitude being the case the stone dock the 
Brooklyn Navy Yard, where the masonry joints became injured 
account the presence springs and the action frost. This con- 
dition was due largely the fact that the cement used the mortar 
for the joints was native hydraulic cement, not Portland cement. The 
work was repaired about the year 1886, the masonry the entrance 
and some the head being taken and relaid with Portland cement 


brought the matter the attention Congress, through its naval Com. Endicott. 
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the first quality. Although these repairs have been completed for 
many years, they appear entirely successful, and there has been 
recurrence injury the joints. seems quite safe say that 
high-grade Portland cément mortar had been used originally, there 
would have been such trouble, and the work would probably have 
lasted until the present time without any material injury. 

The records the repairs the stone docks extend over great 
many years prior the Civil War, and the collection exact and full 
data regard the expenditures upon them difficult, but those 
which have been examined and compiled are sufficiently extensive 


-and accurate fair index the repairs such structures. 


Without repeating here the details and figures, said that 
the average annual cost repairs upon the masonry docks has been 
very small indeed, and has amounted very trifling percentage 
the cost the work. 

The records the expenditures upon the timber docks and their 
present physical condition are full, exact and easily obtained, and show 
that not only the cost repairs per year very much greater than 
for stone docks, but that the percentage the original cost put out 
repairs several times great the case the masonry 
docks. 

the matter cost, the experience the Navy has been that 
the case the masonry docks last built, large; but that those 
first built, comprising the docks the Boston and Norfolk Navy 
Yards, although the finest quality cut granite, did not cost 
much, being each case less than 000 large cost the 
masonry docks was due several causes; the first place, they were 
not built contract, but day’s work navy-yard employees, and 
the materials were purchased contracted for The ap- 
propriations for the work were made Congress such way that 
labor and expenditures extended over long periods time, thus en- 
hancing the cost and resulting decay and injury the coffer-dams 
and accessory structures, and the disintegration the soil exposed 
excavations from the action the elements, account the many 
seasons covered the work. 

The timber docks for the Navy were all built contract, after 
public advertisement, and, the authority Congress, contracts 
were made for the entire completion, thus enabling the work 
taken hand and pushed through with the greatest possible despatch. 
will seen, therefore, that the records the Navy, the matter 
the costs timber and stone docks built, afford fair basis 
comparison, and one the great advantages which has been urged 
favor the timber dock the smaller relative cost. has even been 
claimed that the interest the cost masonry dock was sufficient 
build and maintain timber dock indefinitely. This comparison 
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has almost invariably been drawn between timber dock built con- Com. Endicott. 
tract, and either the New York Mare Island stone docks, which latter 

were built day’s labor, the work extending through long term 

years. 

opportunity has been afforded recently for instituting some- 
what accurate comparison the relative cost these two types 
dry dock the proposals received for the construction con- 
crete and stone dock designed for the Boston Navy Yard. These 
bids were based upon conditions very similar those which obtained 
the cases the timber dry docks; that is, Congress having author- 
ized the entire construction the dock within certain limit 
cost, the plans and specifications were made and competitive bids 
were invited, after public advertisement, the work completed 
period not exceeding years, and much shorter the con- 
tractor may desire make it. 

These bids show that dock the largest size can built 
concrete lined with cut granite, and complete with all accessories, 
cost about 000 000, only about 25% excess the 
amount fixed Congress limit cost for each one the 
timber dry docks built the same size and under similar con- 
ditions. will seen, and must admitted, that such com- 
parison fairer and much more accurate than that previously re- 
ferred to, where the cost the timber dock contract was about 
$600 000, and the cost the stone docks Mare Island and New 
York was 000 000 one instance and 750 000 the other. 

This the first time the history dry dock construction 
the Navy that such comparison the cost, under similar condi- 
tions, has been possible. The result is, course, beyond dispute, 
and favorable the masonry dock, the matter relative cost, 
the greatest value and significance. shows that the 
relative costs these works heretofore claimed the advocates 
the timber dock, and their general acceptance the public, were 
wrong and misleading. 

The claims set for the timber dock, based upon these compari- 
sons, have had great influence upon the public mind and upon Con- 
gress and its committees, and have resulted the practical adop- 
tion this type dry dock for the United States Navy for the last 
twelve years, during which time the Government has more than 
doubled its docking facilities the construction six timber docks. 
While other claims have been made for the timber dock superior 
the stone dock, there doubt that the matter first cost has 
largely determined the action the committees Congress; but the 
result foreshadowed the proposals for the Boston dock perma- 
nent masonry dock increased cost only about 25% over tem- 
porary dock timber, which would require extensive rebuilding 
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years, and also small annual outlay for maintenance 
against very large one. 

the long run, the timber dock much more expensive than the 
masonry dock. dock built contract, after public com- 
petition, can built about the same time timber dock, 
moderate increase cost and small annual outlay thereafter for its 
maintenance, against timber dock 30% cheaper first cost 
with large annual expenditure for maintenance, amounting 
practical renewal every years. The result shows that masonry 
dock cheaper than one timber. 

weighing the relative merits the stone and timber docks, the 
matter convenience for use, can stated that the conditions are 
practically the same. timber dock, usually constructed, 
great width the top, which has resulted from effort construct 
the sides the dock the least expense and with the least danger 
deformation, and the slope generally adopted that natural the soil, 
avoid any considerable thrust from the earth tending force 
the sides. The side construction consists almost invariably tim- 
bers superimposed such way form steps from the 
bottom the top. This makes the entire side construction practically 
stairway; and the dock, being wide the top, admits light and air 
freely. 

Stone dry docks, generally constructed, are not wide the 
top, and the altars steps are greater height. Stairways for in- 
gress and egress are introduced convenient distances. has been 
put forth great advantage timber dock over one masonry, 
that, owing the form, the timber dock much more convenient for 
access and admits more light ventilation, thus facilitating the 
work the dock. The materials which masonry dock con- 
structed lend themselves any form, and one can constructed 
precisely the same outline the ordinary timber dock. The general 
form outline the masonry dock one which almost universally 
followed the construction, and, although less broad the top than 
the timber dock, such construction results inconvenience dis- 
advantage the work carried the dock, else the form would long 
ago have been changed one more nearly approaching that tim- 
ber dock. the United States, the last masonry dock constructed, 
that Mare Island, approximates very closely the cross-section 
timber dock, and sufficient answer the claim the superiority 
the timber dock this respect. 

observed, this connection, that dock very wide the 
coping level not without its disadvantages, that necessitates 
cranes, appliances for handling materials, with very long arms 
reach the center the dock, and this has been held European 
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all the light and ventilation necessary with ship dock. There 
nothing obstruct except the vessel itself, which will, this form 
dock, intercept considerable light, and render the portion the 
dock directly under the vessel less light than other not 
known that any difficulty has ever been experienced any masonry 
dock through lack sufficient light and ventilation. The only con- 
dition which there would any lack light and ventilation would 
the case where the vessel contained the dock was such size, 
practically fill it. Where the cross-section the vessel approxi- 
mates that the dock, this condition could only exist amidships, 
the section decreases both ways from the center the vessel. 

the matter accessibility, while the timber dock affords con- 
venient stairway any point, stone dock admits the installation 
stairways any intervals deemed necessary desirable. can 
stated, therefore, with reference the form the docks, that the 
masonry dock meets substantially all the requirements accessibility, 
light and ventilation, and, any event, admits the construction 
precisely the same form outline timber dock. 

the matter the stability the two classes dock, the con- 
ditions which they are subject are practically the same. The 
ability sustain the weight the vessel met equally the two, 
generally speaking. The condition involving the most danger 
dry dock, however, not the weight the vessel which receives, 
but the pressure the water contained the soil below the level 
high tide, which acts normally the exterior the dock, tending 
lift the bottom and force the sides. needs little explanation 
show that the dock which capable meeting this condition more 
successfully the one masonry. The timber dock built com- 
paratively light material, wood. Its weight very small element 
stability, and its integrity depends upon the measure success 
with which the access water the soil the sides the 
dock prevented, and with which the wood, which constitutes the in- 
terior lining the excavation, pinned secured the soil under- 
neath. This effected driving piles into the soil, which the 
interior woodwork secured bolts. seen that such 
structure not well designed for resisting the inward hydrostatic 
pressure, and all timber dry docks the practice, particularly 
those considerable depth, provide valves inlets, through which 
the water the soil may find access the interior the dock, and 
carried away through the culverts the pump-well, and thence 
discharged into the harbor. has been well said that the only way 
preserve the stability timber dry dock let the water into 
the dock and then pump out. The pressure the water par- 
ticularly felt the entrance works the timber dock, which, being 
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near the harbor, are subjected greater hydrostatic pressure, where 
the slopes are much steeper, and the water pressure upon the sides 
added great deal thrust from the soil. has been frequently 
found the timber dry docks that they have been incapable suc- 
cessfully resisting this force, and many instances the altars have 
been forced off, the sides the entrance works have been forced in- 
ward extent, the bottom the dock has been uplifted, and, 
where defects the work have existed, inflood water, once set up, 
has resulted very disastrously, and endangered the entire structure. 
shallow timber dock this danger much less, but those 
great depth, which are necessary for the accommodation large 
battleships and cruisers, very formidable one and ever 
present. 

Leaks timber dry dock, particularly deep one, are looked 
upon with grave suspicion and require constant watchfulness, be- 
cause, once started, they are particularly dangerous dock this 
kind, its structure, not being watertight, silt and soil may 
carried in, undermining portions the structure, and loosening its 
hold upon the soil such extent cause collapse fear 
collapse. This was the experience the case Dry Dock No. 
the New York Navy Yard. 

masonry dock the structure designed resist its own 
weight the forces referred to, and, its construction watertight, 
embodies all the elements stability and safety. Any leak which 
may occur structure this kind, due faulty joint, not at- 
tended with the same danger the case dock. The 
early stone docks, now years old, have had for great many years 
some leaks through faulty joints, but these have existed without any 
material extension the trouble, and without involving any instability 
danger; and these docks have preserved their integrity and use- 
fulness without failure interruption any kind. 

the utmost importance that dry dock absolutely safe. 
Its collapse might prove exceedingly disastrous property and 
life. valuable war vessel, costing millions dollars and con- 
taining hundreds lives, should placed dock which 
not absolutely safe every respect, and about which there 
doubt. The feeling security placing vessel dry dock under 
such circumstances worth the expenditure any amount money 
necessary provide the very Accidents more 
less serious character have occurred the timber docks, but none 
has ever yet developed masonry dock, and the advantages 
the latter, the matter stability and safety, are immeasurably 
greater than the case timber dock. 

dry dock great public work and one great utility, and 
should be, like other works constructed the United States Govern- 


DISCUSSION DRY DOCKS. 117 


ment, the best and most substantial quality, and example, Com. Endicott. 
every respect, the best practice constructions its class. its 

material the Navy not content with anything which not the equal 

the same all the world over. All other first-class powers the 

world are building graving docks masonry the best, most sub- 

stantial and enduring type. left for this Government content 

itself with cheap, temporary structures, unstable, embodying the 

elements danger? 


Am. Soe. E.—The comparisons made thus far Mr. Packard. 
have been between the timber dry docks the present day and the 
granite dry docks many years ago. such locations League 
Island and Beaufort, C., especially, the present concrete structures, 
made high-class cements, would much more satisfactory than the 
timber docks, even the old masonry docks that have stood well, 
the record which has been given Messrs. Cathcart and Endicott. 
would interesting know the number days the docks have 
been working order, and the cost repairs per foot length, and 
per foot draught. other words, how much per ton does cost 
the Government for dockage The comparison cost made Mr. 
Endicott based the highest class and with more 
less granite lining high cost, and highly finished. Such linings 
may necessary feature, but, making massive such 
these concrete basins, less costly class materials could used, 
more less saving might effected, and equally good structure 
secured. Thus the relative costs timber and concrete structures 
might brought nearer together than they are to-day. 


repairing stone docks and repairing and building wooden docks 
has been quite extensive. His first experience repairing stone 
docks was Norfolk, Va., where the entrance work had been de- 
stroyed the explosion gunpowder. The cost repairing that 
dock was not very great. The greatest expense was incurred re- 
building the caisson, which had been destroyed when the 
yard was evacuated the Confederates, because, although the inner 
abutment was destroyed, the outer sill was not damaged, and the re- 
pairing the stone abutment required great engineering science. 
took three years, but the appropriations were small. The speaker’s 
next experience was rebuilding the abutments and outer works 
the stone dock New York, which had been disintegrated the 
water finding entrance, principally from the sea. The chief cause 
the trouble was bad construction, something rather surprising. 

was found when the abutments were taken apart and the masonry 
taken down the sill level, that the abutments proper there was 
not header. The stones were all stringers, the same one 
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brick laid another, without heading course. That was probably 
one the principal causes its destruction. The second cause was 
the poor cement that had been used. Only ordinary Rosendale 
cement had gone into its construction. cause was that some- 
one had attempted remedy the leaks top caulking the joints 
with lead, thus forcing apart the stone and admitting more water. 
The speaker believed this have been fatal mistake, and thinks 
the same thing has also occurred other cases where lead caulking 
has been used instead cement. the repair the Brooklyn 
dock was found also that the sides had settled and split the head 
the dock three parts. the head the dock cracks were 
found which extended from top bottom each corner, and 
some places the speaker could run his arm into the crack. course 
the water found ingress there, and frost following helped dis- 
place the masonry. repairing, these things were all taken into 
account, and care was taken put where the masonry had 
been loosened. The cement used was the best, not that this country 
afforded, but that could imported from Germany. The speaker 
believes that there have been absolutely other repairs upon that 
dock since these were completed 1888. perfect condition 
and will probably remain for many years. 

the construction the wooden dock, No. Brooklyn, the 
speaker had some experience—what some engineers would call ‘‘a 
great deal The basin the Wallabout underlaid 
what some call quicksand. The speaker calls mica sand, but 
does not know that there much difference. very quick, how- 
ever, and there are ft. it.” places was found that 
piles ft. long could driven very readily and very quickly, but 
the hammer was taken off quickly, the pile would follow again. 
stop the quicksand the contractor resorted close piling, ballast 
stone, bags concrete and all sorts expedients. after 
great deal trouble, the concrete was put down, and, the friction 
the sand the piles, sufficient stability was found the bottom 
hold any ship that the dock would take; but with the sides was 
different. The speaker does not think generally known, but 
shortly after the dock was built was found driving home 
the wedges the ends the shores when docking ship, the dock 
would back spread both sides much as4or5ins. That 
happens even now whenever vessel shored. only question 
how long the diagonal timbers will bear the continual thrust 
them. The soil that should pack the back the timbers, and 
make them steady, such nature that falls away from the 
back the altars and diagonal timbers, leaving the sides the dock 
without any support the back except the piles. The speaker re- 
gards the dock unsafe for docking heavy ship that has any list. 
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long asa ship perfectly upright and balanced upon the keel Mr. Asserson. 
blocks, all will well. 
The speaker saw the construction the timber dock Newfound- 
land. The bottom consisted shale rock, and piles could not 
driven successfully, concrete bed, ft. thick, was laid down, and 
formed very good bottom. 


About two years ago the speaker repaired the outer abutments, 
the sill and the sheathing the abutments the timber dry dock 
Norfolk, Va., which had been destroyed the teredo. The cause 
this destruction was follows: When the was being built 
Norfolk, she was put the dock receive her armor, and kept 
there some nine ten months. Unfortunately the caisson had been 
put the inner leaving the outer sill and abutment ex- 
posed. During this nine ten months the teredo completely riddled 
and demolished the outer side sills well the surface planking 
timbering the abutment proper. The sills were completely de- 
stroyed from high-water mark within ft. the bottom. There, 
the sill had been covered mud, and was, course, good con- 
dition. The covering the wing walls, extending out the side, 
and the end sill the wing walls were entirely destroyed. These 
wing walls had been covered creosoted planking underlaid with 
ship felting asa protection against the teredo, and that fortunate 
circumstance had saved the inner plank, but the outer plank was 
completely gone, and places had commenced fall off. Ina year 
two more the inner planking the abuiment and the wing walls 
themselves would have been completely destroyed. degrees the 
wing walls and the abutments were stripped, and, local 
dams, the whole the front covering was renewed cost about 
$10 000. new gill each side the dock was put and overlaid 
with built-up Z-bar steel, secured such way that will 
probably not disturbed the teredo for many years. 

The speaker does not know any chemical preparation with 
which wood can treated whereby will enabled completely 
resist the teredo for more than years. 

The speaker familiar with the structure all the docks from 
New York southward. The timber used the facing, and subject 
decay, has been merchantable timber good quality, and has been 
nearly all heart wood, where was possible obtain it. course, 
structures that kind, where large quantities timber are used, 
there will little sap wood, and there doubt that such wood 
begins decay once. That was the case with the dock Norfolk, 
where, two years ago, the speaker commenced repair the upper 
works. The piling, the cross-cap timbers and the diagonal bracings 
were found badly decayed from the coping the low-water line. 

The spreading the sides the dock previously mentioned due 
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the difficulty backing the soil against the back the altars 
when building. Further, being disturbed soil, slope 35°, 
settles away from the altars, and, course, the space left fills with 
water. The same trouble does not occur with the stone dock, where 
the retaining wall vertical the back. 

The wooden docks have had the same care the stone docks. 
Those who have been interested dock construction for the last 
years have had great anxicty respect all the docks, and they have 
been taking care them fully possible. would necessary 
more careful docking ship wooden dock than stone 
dock, and can handled much more rough and ready 
manner the latter than the former, without danger injuring 
the dock. 

handling material wooden dock care must taken not 
destroy the altars, necessity which does not obtain, great 
extent, stone dock. care required wedging against 
stone dock than against wooden one, though the speaker does not 
believe that any wooden docks have been injured docking ship, 
far knows, nor have any ships been injured account 
docking wooden dock. But the docks decay, course injury 
may happen. 

The speaker thinks that from the nature the two materials, stone 
and wood, equally good construction cannot obtaired, and 
hardly possible make comparison strength durability. 
Sufficient timber could not put into wooden dock afford proper 
comparison with structure stone and concrete. the 
experience, the construction some wooden docks has been rather 
the slimsy order mechanism and construction, though thinks the 
Anglo-American Company worked honestly and did the best they could 
with their wooden docks. Undoubtedly, the builders wooden docks 
did the best they knew how, and exercised care, except perhaps the 
case certain timber dock recently constructed. 

The speaker can furnish data the relative cost good 
concrete good wooden docks. only when contract made 
with responsible people that the relative cost the two classes 
docks can ascertuined. docks can built for 000 per 
lineal foot, and stone and concrete docks can built for per 
lineal foot. 

the early days the speaker was favor wooden docks. Now, 
favor stone, or, rather, concrete and stone. believes that 
the future dry docks should constructed concrete, the best 
that can made, faced lined with stone, particularly the wearing 
parts the dock. There are parts the dock, the wings and the 
angles, for example, that need not necessarily stone, concrete 
will answer the same purpose. 
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concrete, which made very good job. The only reason for putting 
wooden lining the front the concrete altars was prevent the 
abrasion the green concrete. The upper part the Norfolk dock 
was repaired while the dock was daily use, and the speaker thought 
was necessary something protect the concrete during con- 
struction. had had the money, would have put stone in- 
stead wood, but the latter was put such manner that when 
the planks split became decayed they could taken off and re- 
placed others. 

The speaker can see reason why dry docks constructed wholly 
concrete, and without stone lining, should not satisfactory, the cor- 
ners the altarsare rounded off. would prefer, however, make as- 
surance doubly sure, and use stone the wearing parts, for the reason 
that there might carelessness shoring ships. There prob- 
ability that the corners the concrete altars might broken off, par- 
ticularly where they are shallow —only ins. high—as these struct- 
ures. With larger body concrete, say 18ins. high, the speaker 
would not allow the use altars wholly concrete, because 
the corners the altars themselves need not touched. The corners 
the concrete are sometimes broken off sliding timbers and heavy 
material over them and down into the dock. 

reference the lining the timber docks with creosoted plank, 
fact teredo will not attack years. The teredo 
will not pass across water-bearing seam. But creosote will protect 
only The speaker’s experience has been that where creosot- 
ing has been throughly well done, good, heavy, dead-oil creosote in- 
jected into the timber pressure 100 120 per square inch, 
will protect timber for from years; after that the creosote not 
effectual. Unfortunately, the creosote used the altars the 
Norfolk dock was not the best kind. The speaker thinks was what 
called pine and believes helped rot the timber more 
than preserve it. However, the top the dock Norfolk badly 
decayed for distance ft. down from the coping. 

The timber dry docks with which the speaker has had experience 
have all been constructed about the same manner. There dif- 
ference the shape, but they have been practically earth excavations, 
having the sides lined with timber, the slope the ground being such 
that would stand itself, except that the Brooklyn yard the 


ground does not stand anywhere, but moves and sinks soon the 


mica sand has been reached. 
Most the timber docks are good, but the speaker 
thinks there room for improvement their strength, especially 


regards the sides; the bottoms the docks will doubt last many 
years. 


the Norfolk dock the upper part was recently rebuilt entirely Mr. Asserson. 
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There question the speaker’s mind but that these days 
the Government should build for the future. Wooden docks were 
adopted the naval service, not because their durability, but 
because they could built quickly and cheaply. Our need docks 
was such that could not wait for stone docks constructed. 
For years Congress was utterly unwilling appropriate large sums 
for dry docks, for repairs the navy yards, for building the shops 
that were decaying. 

Now that Congress and the country are willing appropriate 
money, time abandon that policy. Instead building wooden 
docks, that serve most only for years, structures that will 
serve generations come should built. 

The estimated cost concrete dock, 750 ft. long and lined with 
masonry, for Norfolk, Va., was timber dock the 
same size, and built strong possible, the estimate was $700 000. 
The estimate was for concrete dock lined with stone ft. thick, with 
stone abutments, and for asteel caisson, including pumping machinery. 
The stone lining was have been set the main dock chamber, far 
enough into the concrete firm and form tread step, and 
with very open slope—30 33°—so admit light and air, the 
same for wooden dock. There doubt that the shape 
wooden docks very good, because light and air are readily 
admitted, and because access easy. 

first-class timber, heart timber only, was into dock, and 
first-class manner, the dock would last years longer than 
ordinarily, but all heart timber can hardly obtained such large 
quantities. 

The wooden docks have served well the present time, and the 
speaker thinks best praise the bridge that carries safely over. 
Nevertheless, the opinion that should now adopt material 
more durable character for structures that expect last and use 
for hundreds years. 


Tarr, Assoc. Am. Soc. E.—No one makes any at- 
tempt deny the fact that masonry dry dock much more desirable 
government structure than dry dock. Therefore 
first cost must the argument that influences the Congressional 
Committee naval affairs when they decide build timber instead 
citizens and taxpayers, are all inter- 
ested having the Government make the best investment, and build 
masonry docks, and that end, until the Naval Committee are edu- 
cated the advantages stone docks, and while the engineers are 
still competition with men advocating timber docks, any unneces- 
sary cost should omitted from the masonry docks. 

the site the Boston dock the cost concrete per cubic foot 
less than half that timber. This dock contains great deal gran- 
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ite, the stones are very deep, and, according the plans specifi- Mr. Tait. 
cations the radial lines have preserved for the full depth the 
joint, which makes very expensive cutting. Then, addition that, 
the same courses are continued from the main part the dock out into 
the jaws, that each stone constantly increases width well 
being voussoir. 

These requirements probably make the cost the dock about 
$200 000 more than would have been built entirely concrete, 
concrete with granite quoins. the dock had been designed with 
smaller lining, and there had been different arrangement the 
stones the jaws, the bid would have been very close that 
timber dock. 


the large dry docks the Atlantic coast from Halifax Norfolk, and 
the St. Lawrence and Great Lakes, from Levis Lorain, mainly 
with reference the choice material for the construction dry 
dock large size Montreal, the speaker will state some the results 
his observations. 

The wooden dry docks both public and private ownership show 
general weakness construction, and decay. The decay 
is, course, most rapid the parts above water level, and appears 
reach farther down and more rapid docks fresh water than 
salt. For example, beginning the North, the wooden dry dock 
Portland, Me., built 1869, has had recent repairs, and its altars 
and pile above low water are entirely rotten. 

Boston the altars and other lining the three wooden built 
1854 1864 have been practically all rebuilt inside, and have re- 
quired frequent repairs. The largest one leaking beneath the en- 
trance. The two private docks Erie Basin, Brooklyn, built 1866, 
were all relined 1881, and concrete substituted for wood the 
upper five altars. The wooden dock Cramps’, Philadelphia, built 
1876, has largely failed. The altars and the slopes near the abut- 
ments are bulged badly places; the altars, from weakness and 
decay, have been stove places, revealing cavities behind, from 
which the earth slopes have been washed down. The League Island 
dock the United States Navy, built 1891, notably weak, and has 
bulged badly. While occupied the United States cruiser 
Columbia, month ago, the abutments were shored prevent 
collapse. There are serious leaks water and mud the bottom 
and lower altars one side, and the earth slopes behind the altars 
have run down several places, leaving large cavities. Repairs, 
estimated cost about are about undertaken. The 
Norfolk Navy Yard dock, built 1889, now having the upper 
eleven altars renewed concrete because the decay, not only 
the altars, but the braces and pile heads which carrythem. The 


Am. Soc. E.—Having recently examined all Mr. Kennedy. 
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wooden dry docks visited the Lakes are much the same general 
condition. 

The speaker found that all engineers the United States Navy 
Department who have had experience the working and mainte- 
nance wooden dry docks, and with whom the question was dis- 
cussed, were understood quite against wooden dry docks, 
least for naval use, because their weakness and short life. the 
other hand, private owners wooden docks are favor wood for 
their own service, and adding new dock they build either wholly 
mainly wood. The obvious difference conditions will account 
for much the difference opinion. Government docks small 
saving first cost minor importance, but weakness and frequent 
need repairs are well nigh intolerable. the other hand, docks 
private ownership, saving first cost usually serious import- 
ance, while the cost maintenance repairs met the earnings 
the dock, and less felt. noted, however, the more recent 
private docks built owners experience, that there desire for 
something more permanent than wood. notable instance that the 
large dock now being built the Newport News Shipbuilding Dry 
Dock Company, which the abutments and wings are con- 
crete. the Basin docks, Brooklyn, the wooden altars above 
the water line have been replaced concrete. may noted, too, 
that all the recent wooden docks, which the speaker has knowledge, 
and the more ancient ones, also, have not been built under any 
patents, nor contractors holding patents; or, other words, 
while the building wooden and partly wooden docks still con- 
tinued private firms, the patented kind seems have passed out 
favor. 

Canada there are wooden dry docks importance. All the 
Government docks, three number, are stone and concrete. One 
these, the St. Lawrence, Levis, Que., was finished 1886; 
one Lake Ontario, Kingston, Ont., was opened 1892, and the 
third, the Pacific Coast, Esquimault, C., was finished 1887. 
All are excellent limestone ashlar, with concrete backing and 
inverts, and none have had any repairs more importance than 
pointing, except the caissons and other accessories. 

Much reduction the cost stone dry docks has been made, 
the substitution for part the masonry, and proper 
consider how much farther such substitution may wisely car- 
ried, cases where economy prime importance. The masonry 
stone and concrete dock is, course, that the linings, altars, 
copings, inverts, entrance and other parts where requisite that 
cut ashlar, expensive kind; and the further elimination the 
whole any considerable part such costly work, rapidly reduces 
the average the whole. There can doubt the strength 
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solid concrete dock walls being fully great that walls Mr. Kennedy. 
concrete and ashlar combined, which the bulk the wall con- 
crete and the ashlar mere facing. The real question the 
wearing and weathering qualities the inner surface and the 
altars, concrete only. Examples concrete ample durability 
well strength, can pointed out, which show that good con- 
will fulfill all needed requirements, even northern climates. 
The making cement has also been wonderfully im- 
proved, and the testing has become simple and reliable, that 
there now doubt the obtaining cement excellence 
and uniformity which was unattainable few years ago. 

England and throughout Europe, dry docks, wet docks, arched 
bridges and other important structures, made almost wholly con- 
crete, are becoming common. Erie Basin, Brooklyn, there 
minor, but, far goes, very satisfactory example the dura- 
bility concrete, the altars and copings dry docks this 
climate. The upper five altars the two wooden docks were, 
already stated, taken out and rebuilt wholly concrete, and their 
condition now, after eighteen years constant use, excellent. 

The Halifax, Nova Scotia, dry dock, 580 ft. length, built 1886 
1889, all concrete, except the meeting faces the caisson gate, 
the coping courses the altars and main walls, and the 
material slides, which are granite, and the linings the culverts, 
which are brick. The inverts the entrance are all concrete 
except the meeting faces. The example, though not wholly satisfac- 
tory the durability the concrete, very instructive one. 
Considerable areas the inner surface the body walls have scaled 
off, and have been relined with blue bricks, but the failure readily 
accounted for much the walls having been built under most un- 
favorable conditions storms and frost, and storage cement. 
the other hand, adjoining parts the main walls, and all the in- 
verts and walls the entrance, are standing excellently well. 
Altogether, the dock shows that really good concrete proper ma- 
terial for dock walls, even rigorous climate. 

notable example very large dry dock, with walls almost 
wholly concrete, the new No. Graving Dock Glasgow, de- 
signed Mr. Deas, Engineer the Clyde Trust. 880 ft. long, 
115 ft. wide top, ft. depth from floor coping, and divided 
into two sections gates. The side walls are entirely concrete, ex- 
cept thin backing brickwork placed against the sheet piling 
which surrounds the walls. peculiar and what appears ex- 
cellent method construction the walls that their whole inner 
faces are made, not out concrete situ, but granolithic 
concrete blocks, separately molded and hardened, and then built into 
place ashlar. The altars, about half the height the walls, 
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are ft. ins. high and ins. tread, and from that the top the 
walls are ins. high ins. tread, the granolithic blocks being 
molded the height the altars each case, that course 
blocks builds altar. The coping the top the walls also 
granolithic blocks. The head the dock semi-circular, without 
altars, and lined with concrete blocks which are heights corre- 
sponding the adjoining altar courses, but these blocks, not having 
exposed tops, are made ordinary concrete with only granolithic 
facing ins. thickness. 

older example concrete dry dock Britain that New- 
port, completed 1890, 350 ft. length ft. depth, and, 
although built very difficult site, its cost was only $121 500. 

important example concrete construction, for purposes anal- 
ogous those dry docks and exposed somewhat severe weather 
conditions, that the locks the Trent Canal Ontario, now 
being built the Government Canada. 

The advantages strength, durability and economy mainte- 
nance dry docks stone, and stone and concrete, over those 
wood, have been ably and fully shown the discussions presented; 
and, for the reasons just outlined, the speaker adds plea for dry 
docks built almost wholly concrete, possessing much the ad- 
vantages both. 


Am. Soc. E.—The speaker built dry dock 
recently, but was wood, customary the lakes. sug- 
gested that the abutments built stone, but the cost such work 
was the objection made the owners, and only small amount 
concrete large dock, 560 ft. 100 ft. wide, but, 
has been stated, has the one advantage wooden dry dock—it 
shallow, only ft. the sills; consequently considered perfectly 
safe, and has far been extremely satisfactory. For dock great 
depth, for docks where the first cost not the essential matter, 
stone, concrete lined with stone, is, the speaker’s opinion, the 
only proper material use. 


Francis Am. (by letter).—The original 
cost wood construction is, course, less than stone. The repairs 
and renewals are matter experience, and claimed those 
having loug experience with wooden docks, that the interest the 
difference cost between them and stone will more than pay for 
keeping the former first-class condition. The reduced rate in- 
terest now prevailing, however, may cause change this regard. 

convenience, those who are constantly using docks are 
most competent speak. Such matters length shores and con- 
venience adjusting them, convenience handling material and, 
movements men, slipperiness and cold the feet, contents 
pumped out, and other practical matters have considered. 
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can speak with more authority. 

regretted that the experience building some the 
recent timber dry docks has measure thrown discredit upon 
them. judgment engineering matters are not justly 
chargeable against system construction which has certainly 
proved successful many existing examples. 


thinks regretted that the subject under discussion con- 
fined the relative fitness the material dry dock, inasmuch 
piers and bulkheads, erroneously termed docks, are more general 
requirements and consequent utility than docks either wet dry. 
Custom and some lexicographers term the enclosed space between 
two piers dock, whereas strictly basin, although colloquially, 
whether the structure single pier bulkhead, termed 
dock. 

the subject had included piers and bulkheads, whether 
masonry, crib-work rip-rap, the writer would avail himself the 
opportunity refer their design and construction, the basis 
his experience and observation; but the subject confined 
the question the relative merits stone and wood for the construc- 
tion dry docks, restricted one, embraces only the 
relative cost and endurance such structures. 

the period construction and the first cost are controlling 
elements, wood alone can entertained, involves less cost 
material and labor construction, not only its walls, but its 
foundation. Its defective elements are decay and damage fire, 
involving the probable damage destruction vessel under 
repairs. 

If, the other hand, the period its and its first 
cost are not restricting elements, and permanent structure re- 
quired, stone concrete not only indispensable, but, the matter 
ultimate cost, questionable frequent repairs, and the 


periodic renewal wooden structure, would not involve greater 
cost than stone. 


Francis Esq.* (by thirteen consecutive Mr. Bowles. 


years’ experience the active use wooden and stone dry docks 
the Navy Yards Norfolk, Va., and New York, and after having had 
sole charge the repairs the wooden dry dock, known No. 
the latter place, which was necessary reconstruct the whole 
entrance, the writer wishes express unqualified preference for 
masonry concrete dry dock over wooden construction. testifying 
before Congressional Committee about year ago, the writer ex- 
pressed the following opinion: 


the writer’s connection has been with construction only, others Mr. Colling- 
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Mr. Bowles. 


Mr. Boller. 


believe that wooden dry dock bears the same relation toa 
stone dry dock concrete dock, that wooden trestle wooden 
bridge bears steel bridge stone culvert. consider tempo- 
rary structure.” 


This opinion appears present the case fairly. 

The wooden dry docks built years ago for the Navy have 
served their purpose well; they were cheap, and admitted easy and 
rapid construction unlearned persons. They were built time 
when little attention was given the subject dock construction 
this country, and when materials for stone and concrete work were 
very expensive. Moreover, these docks supplied immediate and 
pressing need which the time could not have been otherwise met. 
now known that the deterioration which they have developed and 
the essentially temporary character the work and material their 
construction, show that their continued use involves danger and great 
expense for repairs. 

Consideration the most elementary principles engineering leads 
preference for permanent rather than temporary construction where 
cost not prohibitive, and the present time the cost concrete and 
stone construction sufficiently low require the Government the 
most durable, safe and best construction its dry 

This opinion not derived from the recent bids the new dock 
Boston, which, the writer, appear inconclusive. strongly 
opposed the letting contracts for the building whole dry dock 
one person corporation, the ground that the nature the 
undertaking involves too many undetermined elements enable any 
person make bid which will enable him the best work 
throughout. The work should under the sole charge compe- 
tent engineer, who should control absolutely the conduct the work, 
and let contracts from time time for definite portions, which clear 
and definite specifications can made. That good business, and 
the end will produce the best results. This digression from the main 
subject will possibly pardoned, because, advocating stone con- 
docks, the writer’s opinion that the engineering problems 
are great, and must treated modern methods. 


that controversy regarding the relative merits stone and wooden 
dry docks should given serious consideration great government 
like that the United States. That such controversy does exist 
sad commentary the intelligence the source ultimate power, 
the National Congress. There are some questions that have only one 
side, and this one them. thoroughly one-sided that only 
the crass selfishness interested parties, operating some mysteri- 
ous way upon Congress, forces consideration the subject all. 
there another civilized government under the sun that would 
thrust aside the united demands, yes, pleadings, its technical ex- 
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perts the right thing, simply for the sake maintaining special Mr. Boller. 
private interest, whose business building wooden docks? 

Stone wooden docks! well ask our railways build wood 
instead stone steel bridges. The only so-called arguments ad- 
vanced for wooden dry docks are those economy and expeditious 
construction. Economy first cost one thing, and economy en- 
durance and maintenance another. Rapidity construction 
matter little importance for Government work, compared solid- 
ity and endurance, but modern methods executing work permit 
such rapidity performance that almost any reasonable expectation 
time can met. What does take twice much time build 
stone dock wooden one; when the work done done for all 
time practically, and can operated with ‘absolute confidence and 
freedom from the anxiety that always attends wooden dock. 
lute safety and economy endurance are the cardinal requirements 
for any dry dock suitable for the purposes modern navy, with its 
deep-draught battleships, which can only met using imperishable 
material. build such docks wood, that commence depreciate 
from the day their completion, deteriorating increasingly with the 
years, until absolutely worthless, serious folly that belittling 
our naval administration, waste the public funds, and source 
ridicule with competitive nations. wooden dry dock all well 
enough for temporary purposes, meet the necessities im- 
poverished government, the financial limitations private party. 
The United States such impecunious position, and expand- 
ing into naval power, the limits which man can foresee. 
This country destined restoration merchant marine that will 
recreate the long-lost glory the seas, now only reminiscence, and 
scale commensurate with the activities hundred million people, 
backed with unlimited resources. For the Government such 
nation even talk building wooden dry docks, preposterous. 
While gratifying know that the comparative cost between 
the two systems docks shows, perhaps, difference (according 
recent tenders), the question first cost, the writer’s mind, cuts 
figure all. The United States cannot afford build wooden 
docks, even simple financial comparison, the statistics 
elaborately discussed the naval speakers, demonstrate beyond 
Whether stone dry docks cost much little, whether they 
take twice long build wooden ones not, there but one 
thing for the United States Government do, and that build 


stone docks, even the risk hurting the feelings existing wooden 
dry dock companies. 
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the engineering problem which this paper calls attention not 
difficult one, yet one which met continually city engineers 
and seldom solved satisfactorily. This, however, not due its 
intricacies, from engineering standpoint, but because the solution 
complicated politics and the influence property holders. 
exceedingly difficult task for engineer improve street, where the 
conditions are similar those mentioned the paper, without arousing 
opposition those most nearly interested. For the 
sake saving few dollars the average property holder willing 
allow any kind grade established; and objects most strenu- 
ously any plan which will cause him raise lower his sidewalks 
alter any way his buildings, matter how old dilapidated 
they may be, matter how much the improvement may benefit 
his property eventually. follows, therefore, that city engineer 
seldom able carry out his own convictions establishing street 
grade, unless willing make determined fight, use all the 
persuasive powers his command. Wabash, that either 


This discussion (of the Paper Robert Woods, Jun. Am. Soc. E., printed 
Proceedings for February, 1899), printed Proceedings order that the views ex- 
pressed may brought before all members the Society for further discussion. (See 
rules for publication, Proceedings, 71.) 
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property holders there are unusually enlightened, for the owners 
the buildings affected, several cases, waived all claims for damages 
occasioned the change grade. 

also appears that the author did not attempt too much improv- 
ing the grade the street. The change from the old condition was 
radical, but the same time was greater than the circumstances 
The difference level between the two sidewalks was 
met somewhat novel manner, putting step the upper 
side the street. seldom that this construction used, and 
could doubtless introduced other cities advantage. Its chief 
disadvantage that lessens the width the roadway, and 
narrow street this would, course, objectionable. The ample 
width the Wabash roadways allowed this construction, with ex- 
cellent results. The illustrations Plate show what decided 
change was made the appearance the street the improvements 
described the paper. one who saw the street before and after 
the improvement, the change even more marked than that shown 
the photographs. 

return the details brought out the paper: does not ap- 
pear why the crown was placed the quarter Sections and aad 
not Sections generally objectionable have all the 
water drain one side the street, shown the two latter sec- 
tions. would also seem that these two sections each step could 
have been made 0.85 ft., the greatest limit, and thus have reduced con- 
siderably the slant the street from one gutter the other. 

Although the property holder has undoubtedly been put con- 
siderable expense the radical change sidewalk grade, yet ob- 
vious that any less radical treatment would have given patch-work 
effect the street, which would have been continual source an- 
noyance. There are too many streets prominent cities which are 
anything but creditable the engineers who have established the 
grades. This generally due poor engineering talent (if any engi- 
neer was employed all), laying out the street the start, for many 
streets were originally country roads which one foresaw would one 
day require paving. the time the street had arrived the dignity 
pavement, buildings had been erected different grades each 
side, that the engineer who had the improvement charge was 
his wits’ end know the best way deal with the problem. 
ing this problem general rule can laid down, but each case must 
treated itself, taking into account the many different questions 
which are involved. Among these questions are width street, value 
real estate and improvements affected, amount and kind traffic, 
probable increase real and probable increase traffic. 
These questions are being met every day municipal engineers all 


the engineer’s persuasive powers are highly developed, else the mr. Henry. 
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over the country, and are being solved better and more satisfactory 
manner than ever before. There doubt that the city engineer 
to-day the superior his predecessor twenty years ago, and brings 
greater talent and broader knowledge bear the questions which 
are continually before him. hoped that the paper will bring 
out discussions from engineers who, from practical experience, are able 
give much interesting and profitable information the profession. 

crown, the speaker’s ideas are somewhat decided. his desire 
impress upon everybody the fact that the roadway itself made prim- 
arily for wagon travel, and that, per se, level cross-section much 
more advantageous for such travel than any other cross-section. 
departure therefrom can only tolerated because there are over- 
coming disadvantages against it. The original country road was 
piled probably ft. the center that the water could shed 
the gutters. the character highways has been improved, the 
crown has been gradually decreased, until, with the improved pave- 
ments to-day, seems the speaker that the crown scarcely 
matter consideration, and his practice, both asphalt and brick 
pavements, has reduced about ins. in, say, ft. 

The only advantage the crown shed the water the sides 
order avoid the wash the perishable material the roadway 
and the damage ensuing therefrom. For permanent, smooth road- 
way, either granite blocks, brick asphalt, argument can 
advanced favor any crown all, except such needed 
shed the water, the proper point, away from the street entirely. 
fact, the question using the roadway itself, from curb curb, 
gutter, now quite often considered; and the question economy 
constructing storm sewers being considered that light. For 
instance, side hill, with streets right angles the slope, 
economical use the streets themselves gutters and discharge the 
water into the storm sewer each cross street, the latter being pro- 
vided with crown order divert the water into the sewer. The 
speaker thinks that practice going more vogue than has 
been. 

considering the elimination crown much possible from 
street construction, will seen that these difficulties will disap- 
pear entirely. The speaker agrees with Mr. Tillson that could 
have solved the problem without the crown, and could also have 
avoided the steps the gutter line. 

The relation between the roadway and the depth the gutters 
purely arbitrary. the business part Yonkers, two three years 
the speaker noticed that, the improved streets, the sidewalks 
were from ins. ft. above the roadway. That, course, had 
come about from the fact that the original grade was being altered, 
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and, permanent improvements, some kind grade had es- Mr. Owen. 
tablished, without relation the sidewalks. The result was that the’ 
sidewalk was the improvement the house, and would 
have been detrimental tothe property cut the sidewalks down; that 
the sidewalk, being ft. above the street, offered practical dis- 
advantage, and that wagon travel could more evenly handled with 
sidewalk ins. high than with one only ins. high. person can 
step out from carriage more easily, and can more readily transfer 
freight from wagon when the sidewalk ins. high than when 
its height only ins., and this instance the foot travel the spaces 
between the cross streets very small. making proper arrange- 
ments the street intersections for the accommodation foot travel 
passing from the sidewalk the street, practical permanent dis- 
advantage will result having the sidewalk higher than the stereo- 
typed 8ins. Furthermore, the saving disadvantage, any way 
can considered, both stepping from carriage larger distance 
from the sidewalk and also carrying freight over that space. 

The question the relation the sidewalk one side street 
that otheris continually arising. The speaker has constructed 
roadways which there was difference ft. the elevation the 
sidewalks. course, that would not considered ideal construc- 
tion, but had used. Insuch cases curb was adopted, 


and the crown the roadway was placed about ft. from the 
center toward the higher side. 


Assoc. Am. Soc. E.—In constructing asphalt Mr. 
pavements the speaker’s experience has been limited, and has generally 
been localities where curb lines have been established. For 
that reason has had trouble making the crown suit the width 
the road, and has nearly all cases made about ins. for 60-ft. 
roadway. constructing macadam roads, however, has ordinarily 
made somewhat higher. For 28-ft. road the crown was generally 
made ins.; for 30-ft. road, ins.; and for 40-ft. road, ins. 
Epwarp Am. Soc. E.—In what now the Mr. North. 
Borough Manhattan, the City New York, under the old charter, 
the Water Purveyor had charge all new paving, repaving and repairs 
pavements. New pavements, and all grading, regulating, curbing 
and flagging, were paid for assessments the property benefited. 
All repaving and repairs the pavement, except those due open- 
ings the streets made plumbers companies having pipes 
conduits under the pavements, were made the city and paid for out 


appropriations. 

City ordinances require sidewalks have rise in. per ft, 
from the curh. The lower part the city mostly without official 
grades, but commencing about Houston Street grades have been estab- 
lished. has not, however, been established whether such grades 
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refer the curb stones the middle the streets. This uncertainty 
is, at.times, matter convenience the engineer who wishes im- 
prove the profile street that repaved, allows com- 
fortable working latitude. 

There noticeable exception this statement, viz., the streets 
joining the Riverside Drive. Here, the grades were established the 
Park Commissioners for the curbs, both the drive and the streets 
back the house Unfortunately, they were substantially level, 
although the same authorities had established quite steep grades 
the streets (in one instance, though not adjoining the Riverside Drive, 
grade 18%, which thought the maximum). any de- 
parture, either paving curb setting, from the established grade, 
liable result vacating the assessment, these level areas 
ft., joining, say, 10% rise, have retained, and are objectionable. 

There also troublesome practice those who are called 
builders,” who, contracting build house with certain dimensions 
between the floors, avoid the excavation and sometimes ft. rock, 
establishing curb grade suited their work and also increasing 
materially the slope the sidewalk. This swindle generally un- 
detected, particularly unpaved streets, until the house paid for, 
and, some instances, causes considerable trouble and dissatisfaction 
the property owner, the curb generally reset the proper 
grade when the street paved, which either necessitates relaying the 
sidewalk front the property, approximation the practice 
described the author. 

Except the instances cited, the engineer charge the 
streets the City New York probably has little trouble with 
grades any other city town. ordinance governs the depths 
gutters, but they are called for all streets; nor any crown 
specified the city ordinances. 

taking charge the paving what now the Borough 
Manhattan, with the office Water Purveyor, was decided make 
the crown all asphalted streets, with curbs equal elevations, 
the distance between curbs, and the normal depths gutters be- 
between and ins. The crown adopted, combined with the low 
curbs, gives street apparent civilization and luxury; the high 
crown being survival from the pathmasters’ ‘‘turnpiking” with 
heavy soils; and the deep gutters antedate sewers. Some the 
asphalting companies objected these unprecedentedly flat trans- 
verse profiles, the cost thorough maintenance is, 
greater than where water will run off quicker. was with some satis- 
faction that notice was taken that the French engineers had last 
adopted the same rise, viz., for the wheelway the Alexander 
Bridge, drawings which were presented the meeting the 

Society February 15th, 1899. 
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cellars flooding through insufficient capacity in. gutters; ap- 
parently may assumed that asphalted streets with 4-in. gutters 
and sidewalks one-half the width the wheelway, rising the rate 
above mentioned, danger cellars apprehended the 
sewers have capacity take off the water. 

Objections are frequently made longitudinal grades asphalted 
pavements, futile efforts having been maintained for years one 
the city departments confine asphalt grades less. 
Small attention, however, generally given transverse grades, al- 
though every one knows that while asphalt horse may stumble 
the line draft, almost invariably falls right angles it. Asa 
matter fact, difficult get horse that knows anything about 
asphalt travel anywhere except the center high-crowned street 
slippery weather. This obvious danger from excessive transverse 
grades led the suppression the crown streets having trans- 
verse fall much over per cent. 

The first asphalted street paved without was Street 
between Fourth and Madison Avenues. Fourth Avenue the differ- 
ence elevation between curbs was 1.3 ft.; making 7-in. curb 
the north and 4-in. curb the south side, the fall was reduced 1.05 
ft., grade per cent. The foundation was the old trap-block 
pavement relaid. The transverse profile Fourth Avenue was right 
line; Madison Avenue had rise and the south curb was 
somewhat lower than the north curb. The grades were boned in” 
for 405 ft. between the two end-profiles the center, quarter and 
curb lines. settlement nor distortion has been observed. 

The above-mentioned practice was often modified, where the relative 
heights the curbs would admit, reducing the length the 
warped surface 150 200 ft. other instances was thought 
advisable dispense with crown for one more blocks. such 
cases there was gutter the upper side. instances have come 
the speaker’s knowledge where sags depressions the founda- 
tions have developed, either with relaid stone pavement with 
concrete foundation. some cases, however, crown about in. 
was worked in, consequent the turnpike idea, aforesaid. 

Experience the City New York decidedly against concrete 
curbs. While good made concrete, with proper mate- 
rials and care, poor work cannot prevented, and many, not most, 
the concrete curbs laid have been scamp affairs, with concrete made 
cinders and plastered with thin coating poor cement. The 
wheel grocer’s delivery wagon would cut this thin coating off, and 
backing cart against the would break it. The poorest 

were put down the tenement house districts where the sur- 
roundings are squalid enough without the additional aid afforded 


complaint has ever been made, the speaker’s knowledge, Mr. North, 
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broken curbs. Fortunately, there was city ordinance requiring stone 
curbs. Under this ordinance, samples the curbs were taken court 
and their construction, for time, least, stopped. 

Mr. Owen’s suggestion, that the gutter should the middle 
the street, worth consideration, particularly for asphalted streets. 
Rain would flush the pavement more quickly, and the transverse 
profile would two right lines joined concave curve, instead 
convex curve increasing rate toward the side gutters, present, 
the whole carriage-way level streets could made equally avail- 
able for traffic, would not necessary have the transverse grade 
high per cent. gutter the center the street 
found many Spanish towns, and was considered for some the nar- 
row streets the lower part the City New York, but the ordi- 
nance calling for gutters and curbs prevented its use. 

Am. Soc. E.—The speaker has been much 
interested this paper, discusses question which has been 
studying for some years. The author has been confronted with the 
problem that always presents itself every engineer who attempts 
pave street where the grades have been established one who 
never expected the street paved, had idea the proper 
cross-section paved roadway; where side-hill street has been 
built up, with consideration for the future improvement the street, 
but only according the whims the individual property owners. 

When such conditions exist, and the entire width the street 
improved, the difference elevation the curbs must first re- 
duced minimum, giving the sidewalks the high side the 
maximum, and the low side the minimum, allowable slope. the 
same way, applying the maximum gutter the high side, and the 
minimum the low side, the difference elevation the gutters 
made little possible. 

The best cross-section for the roadway itself now consid- 
ered. Some engineers would make this straight line from gutter 
gutter. The speaker does not think this right. Any little variation 
from true plane, caused either imperfect work the action 
travel, will show much more plainly than when the surface slightly 
also better prevent all the water from running trans- 
versely across the street. locating the crown the street the 
quarter, instead the center, and givinga slight rise from the 
higher gutter the crown, these two difficulties are overcome, the 
difference elevation but slightly changed, and the distance 
which overcome made considerable. 

The author has adopted 0.33 ft. for minimum and 0.85 ft. for 
maximum gutter. These figures agree very closely with the speaker’s 
ideas; but gutter involving step ins. should used only 
very extreme cases, and when this added another step ins., 


q 

4 

i q 

yf 


Papers.] DISCUSSION STREET GRADES AND CROSS-SECTIONS. 137 


and the two are separated tread ins., the construction bad, Mr. Tillson. 
and should avoided, unless can shown absolutely the best 
under the existing conditions. double curb, constructed, ex- 
pensive, unsightly and dangerous. 

Fig. the speaker has taken five the worst sections shown 
the paper and has replatted them, and the same base has platted 
the sections would have used. The author’s section shown 
full line and the speaker’s dotted line, the latter result being ob- 


tained using sidewalk slopes and gutters within the limits recom- 
mended the author. 


Section No.5 


Section 


Section No.2 


1 


All Measurements in Feet. 


Fie. 


Section No. will seen that making gutters 0.66 ft. and 
0.36 ft. the high and low sides, respectively, making the crown 
the quarter, and allowing rise 0.16 ft. from the gutter the 
quarter, section can obtained which place has greater slope 
than the author’s, which has 0.66 ft. instead 0.82 ft. and 
which does away entirely with the double curb. the street, the 
fact that the two sides are unbalanced would hardly noticed, except 
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Mr. trained eye, and for practical use this section good the 


other. 

Section No. the slope the sidewalk the low side re- 
duced the minimum and the depth the gutter made 0.36 ft. 
the other side the maximum gutter taken, and the rise the 
quarter the same used Section No. The resulting section 
has slope excess the author’s, does away with the double curb, 
and has curved surface where that shown the author practically 
level, there being but 0.04 ft. fall ft. 

Section No. the gutter the low side made 0.36 ft.; the 
high side placed the top the author’s real curb, and the sec- 
used the author, but not such extent detrimental, 
while the other hand does away with the necessity the double 
curb. 

Section No. ft. wide. The low gutter made 
0.5 ft. deep, and the high side placed the top the curb, 
No. making the quarter crown 0.24 ft. above the high 
gutter, section obtained with slope even less than the author’s, 
and with double curb. 

Section No. the worst conditions are encountered. The two 
gutters are made 0.36 ft. and 0.83 ft., respectively, and the quarter 
crown 0.16 ft. This gives section the upper dotted line, which 
rather bad, but the speaker thinks that even here would adopt 
preference the double curb and the section shown the 
author, having slope 0.37 ft. from the gutter the center, and 
thus throwing the entire surface water the low side the street. 

however, thought that the slope too great, the speaker 
would reduce placing the step near the building, rather than 
the curb line. The exact distance from the property line must 
determined the conditions. generally the case, certain 
space allowed property owners for display goods, for 
area-ways courtyards, this step might located the edge 
this space, with inconvenience any one. this event the side- 
walk would laid the same slope before, but 0.5 ft. lower, and 
the cross-section the street would shown the lower dotted 
line, which the speaker thinks much preferred that used 
the author. 

the latter plan were adopted, the upper sidewalk would ex- 
tend some ft. beyond the property line the cross streets, 
and then return the side street, running the grade out short 
distance and thus doing away entirely with the two steps the 
curb. Should the gutters shown the author retained, the actual 
street would improved adopting the section the lower 
dotted line. 
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conditions were described the paper, double curb would 
required, and, for practical purposes, the cross-sections would 
good those shown the author. 

These results have been obtained varying from the author’s 
procedure two ways: First, making the crown the quarter 
every case where the difference elevation the curbs requires it; 
second, not attempting make the slope both sides the 
center uniform. 

The speaker has used the first method for several years with 
uniformly good results, and fully satisfied that, under the condi- 
tions considered the paper, the proper course adopt. 

While the author has not always attained the results mentioned 
the second reason, has done Sections Nos. and and, ap- 
parently, has sought others, thus necessitating the use the 
double curb, needlessly high step. 


Jun. Am. Soc. E.—In determining crowns for Mr. Hankinson. 


asphalt pavements New York City, that is, the Borough Man- 
hattan, standard section assumed gutters, with crown 
and quarter height the width the roadway, thus 
making the proportion crown quarter 8:5. When the curbs 
are not level, the gutter the high side deepened maximum 
ins., and the gutters are still unequal elevation, one-half 
the difference elevationis subtracted from the standard crown, 
effect securing the standard fall from the crown the gutter 
the low side. will seen that 30-ft. roadway, with differ- 
ence curb level 11} ins., the result following this plan will 
street with crown all, the pavement being straight grade 
from gutter gutter. seldom occurs that greater difference 
curb necessary 30-ft. streets, most cases one the 
curbs can raised the other lowered without doing very much 
damage the adjoining property. The wider the roadway, the greater 
the difference curb level that can allowed; 60-ft. streets, 
the crown being ins., difference ins. can readily ad- 
justed. 

The author, having the opportunity adjusting not only the 
roadway, but also the sidewalk, would seem that even his maximum 
difference level 1.65 ft. ft. could have been accommodated 
without the use the stepped curb, lowering the sidewalk the 
high side. step the entrance each store would less objection- 
able than continuous one the curb for the length the block. 

Roadways greater width than ft. have, New York, usually 
street railroad occupying ft. the street. When such railroad 
has underground conduit used drain, the rails are placed 
the contour the pavement arch, level 60-ft. section, the 


the above new séctions should used street where existing Mr. Tillson. 
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center rails would in. below the crown dnd the outside rails 
dropped in. from the center rails. the pavement between the 
rails crowned in., this drop amply provides for drainage. 
the case underground trolley with slotted conduit, the slot 
rails are placed the contour the pavement crown and the tram 
rails made level possible. Should, however, the difference curb 
elevation very great, the track terraced,” that is, one track, that 
the low side the street, dropped from ins. from the other. 
terracing the tracks and raising and dropping the outside rails in. 
the high and low sides the street, respectively, difference 
ins. curb level 60-ft. street has been adjusted without draining 
one gutter. 

The crowns used the author give much steeper cross-grade 
than could safely used New York City. height being 
quite high proportion the crown, very sharp incline from quar- 
ter gutter results. may that Wabash, Ind.,is not subject 
fogs, mists and drizzling rains which New York pavements 
slippery times, and that cross-grade 3%, entirely unsuited 
the climatic conditions obtaining New York, would eminently 
proper inland city. 
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Recent Engineering Articles 
Membership (Additions and Changes Address) 


MINUTES MEETINGS. 


THE SOCIETY. 


April 5th, 1899.—The meeting was called order o’clock, 
Mr. Allen Hazen the chair; Charles Warren Hunt, Secretary, and 
present, also, members and visitors, 


The minutes the meetings March and 15th, 1899, were 
approved printed Proceedings for March, 1899. 


The Secretary presented paper Professor Hoskins, en- 
titled Criterion for Position Loads Causing Maximum 
Stress Any Member Bridge Truss,” and also read discussion 
the subject Frank Cilley, Esq. 

The Secretary read letter from the Building Code Commission 
the City New York inviting the Society send communication 
regard the existing building law, and its individual members 


attend the public hearings the matter, which due notice given 
the City Record. 
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Ballots were canvassed and the following candidates declared 
elected: 


New Orleans, La. 

Henry Rust, Toronto, Ont., Canada. 


MEMBERS. 


Apams, South Manchester, Conn. 

Epwarp Hartford, Conn. 
FREDERICK ALBERT Rome, 
ALLAN WINTER Paterson, 

College Station, Texas. 


The Secretary announced that the meeting the Board 
Direction, April 4th, 1899, the ballot the reconsideration Judd 
Allen Lockwood was canvassed, and Mr. Lockwood declared elected 
Member the Society. 


Announcement was made that the following candidates were 
elected the Board Direction April 4th, 1899: 


ASSOCIATES. 


ALGER CROCHERON GILDERSLEEVE, New York City. 


JUNIORS. 


Prrson Jay Brooklyn, 

Homer Seattle, Wash. 
FREDERIC New York City. 
Garret Epwarp Paterson, 


New York City. 
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The Secretary announced the following deaths: 


Rosert elected Member January 2d, 1890; died March 
14th, 1899. 


SHEPPARD CAMPBELL elected Member March 
5th, 1873; died March 20th, 1899. 


The Secretary announced that Wednesday, April 12th, meet- 
ting the Juniors the Society would held, the subject for dis- 
cussion being The Duties and Responsibilities Inspector.” 


The Secretary announced the subject for discussion the meeting 
April 19th, 1899. 


Adjourned. 


April 19th, 1899.—The meeting was called order 20.45 o’clock, 
President Desmond FitzGerald the chair, Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

Parsons, Am. Soc. E., described some novel 
methods steam and hot water heating, and the subject was discussed 
Messrs. Baldwin, Brinckerhoff and the President. 

The Secretary presented communication from McCann, 
Am. E., describing the laying and testing two lines 18-in. 
submerged water mains, and the subject was discussed Messrs. 
and the President. 

The Secretary announced the following deaths: Jacob Blickens- 
derfer, elected Member June 1881; died February 1899, and 
Charles Irwin Brown, elected Member January 7th, 1891; died March 
23d, 1899. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


April 4th, ‘President Thomas Curtis Clarke the 
chair; Charles Warren Hunt, Secretary, and present also Messrs. Ben- 
sel, Morison, Owen, Thomson, Turner and Whinery. 

The ballot the reconsideration the vote Judd Allen Lock- 
wood was canvassed and Mr. Lockwood was declared elected Mem- 
ber the Society. 

The appointment the President Committee the Board 
Direction, and Local Committee Arrangements for the Annual 
Convention was 

communication from the Building Code Commission the City 
New York inviting from the Society any communication relation 
the existing building laws New York City was received. 


See 87. 


‘ 
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The Secretary was instructed reply the same and read the 
letter the next meeting the Society. 

The Secretary reported that the late Herbert Steward, Assoc. Am. 
Soc. E., had bequeathed the Society the sum two thousand 
dollars ($2 000) known the Herbert Steward Library Fund, 
and that his will also provided that the Society should receive such 
the technical books his library desires; these books 
selected the Secretary. 

The Secretary reported the successful negotiation with several 
publishers technical books for the prompt donation the Library 
their publications, and that future notices such donations will 
published Proceedings under the heading New Books the 
Month.” 

The Secretary reported that March 29th, 1899, the New York 
Electrical Society held one its meetings the Auditorium the 
Society. 

Applications were considered and other routine business trans- 
acted. 

Two candidates for Associate, seven for Junior and one for Fellow 
were elected. 


Adjourned. 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society open every day, except Sunday, from 
o’clock. 


MEETINGS. 


Wednesday, May 3d, 1899, 20.30 o’clock, regular business 
meeting will held. Ballots for membership will canvassed, and 
paper John Hill, Am. Soc. E., entitled Comparative 
Tests Bituminous Steam Coals” will presented. This paper 
printed this number Proceedings. 


Wednesday, May 17th, 1899, 20.30 o’clock, meeting the 
Society held, the paper for the evening being Artificial 


Curtis, Am. Soc. This paper printed this number 
Proceedings. 


Wednesday, June 7th, 1899, 20.30 o’clock. this meeting 
paper George Rafter, Am. Soc. E., entitled the 
Theory Concrete,” will presented for discussion. This paper 
printed this number Proceedings. 


q 
i 


ANNOUNCEMENTS. 


JUNIOR MEETINGS. 


March 13th, 1899.—A meeting Juniors was held for the pur- 
pose discussing the advisability inaugurating future special 
meetings Juniors, Vice-President North the chair; Charles 
Warren Hunt, Secretary. The Secretary reported digest the 
answers received interrogatory circular sent out for the purpose 
ascertaining the views all Juniors. was concluded test the 
matter calling meeting Juniors for informal discussion 
some engineering topic, the Secretary being requested fix date 
for such meeting, and subject for discussion. 


April 12th, 1899.—A meeting Juniors was held, Secretary Hunt 
the chair, and present also twenty-five Juniors. The subject for the 
evening was, Duties and Responsibilities Engineer In- 
and interesting informal discussion occupying more than 
two hours was participated many those present. The 
following resolution was passed: 

Resolved, that the sense this meeting that similar meetings 
Juniors should provided for, and that the Board Direction 
requested authorize the holding such meetings the Second 
Wednesdays May and June, 

Messrs. Evans, Evans and Knap were appointed 
the Chair Executive Committee act behalf the Juniors, 
the proposed meetings should authorized. 


ANNUAL CONVENTION. 


The Thirty-first Annual Convention will, heretofore announced, 
held the Stockton Hotel, Cape May, J., June 27th 30th, 
1899. 

The following Committees have been appointed take charge 
the Convention, and due notice arrangements made for transporta- 
tion, etc., will issued. 


COMMITTEE THE BOARD DIRECTION: 


LOCAL COMMITTEE ARRANGEMENTS: 


ScHERMERHORN, THEO. VOORHEES, 


in 
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CURRENT TECHNICAL LITERATURE. 


Under the heading Monthly List Recent Engineering Articles 
Interest,’’ will found the second installment the list begun 
the March number Proceedings. will seen that the number 
periodicals which reference made has been largely increased, and 
that general classification engineering work broad lines has 
been adopted. 

The interest which has already been manifested members the 
Society this list gratifying, and several suggestions have been 
made regard the opinion some that the length and 
importance each article, well whether illustrated 
not, were stated, the usefulness the list would enhanced. 

any value opinion regard each the articles men- 
tioned this list would require the services expert least 
each the classes into which the list present divided, and each 
article would, necessity, have carefully studied such ex- 
pert. seems probable that the great value some articles were 
pointed out, the authors and publishers those not treated might 
have some cause for complaint, even though the statement made 
the title-page each our publications that This Society not re- 
sponsible, body, for the facts and opinions advanced any its 
publications.” 

well-known fact that large percentage the members 
this Society are situated not have ready access technical 
libraries which are deposited the various periodicals covered 
this list, and that often those who have such access have not the time 
look over each month all these publications. was with the 
intention giving each member current knowledge the 
literature the special subject which interested, and 
cient information enable him secure any special article for his 
library scrap-book, that the list was started. 


NEW BOOKS THE MONTH. 


Four prominent publishers scientific books have already agreed 
donate the library the Society, promptly upon their issue, the 
books brought out them. These newer books will placed 
special alcove the reading room, and monthly book notices, under 
the above heading, will issued Proceedings for the information 
members. hoped that this list will also prove value. 
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ANNOUNCEMENTS. 
GEOGRAPHICAL DISTRICTS INTO WHICH THE SOCIETY 

DIVIDED FOR THE PURPOSES THE NOMINATING 
COMMITTEE. 


The seven geographical districts into which the territory occupied 
the membership has been divided the Board Direction, under 
Art. Sec. the Constitution, for the purposes the Nominat- 
ing Committee are herewith announced follows: 


District No. 1.—The territory within miles the Post Office the 


City New York. 
2.—The States Maine, New Hampshire, Vermont, Mas- 
sachusetts, Rhode Island and Connecticut (except 
included District No. 1), and all countries 
Europe. 
District No. 3.—The States New York and New Jersey (except in- 
cluded District No. 1), and the Dominion 
Canada. 
4.—The States Pennsylvania, Delaware and Maryland 
and the District Columbia. 
5.—The States Ohio, Indiana, Illinois, Michigan, Wis- 
consin, Iowa and Minnesota. 
6.—The States Virginia, West Virginia, North Carolina, 
South Carolina, Georgia, Florida, Kentucky, Ten- 
nessee, Alabama, Mississippi. Missouri, Arkansas 
and Louisiana, the West India Islands and all 
countries South America. 
7.—The States North Dakota, South Dakota, Nebraska, 
Kansas, Texas, Montana, Wyoming, Colorado, 
Idaho, Utah, Washington, Oregon, California and 
Nevada; the following territories—Indian Terri- 
tory, Oklahoma, New Mexico, Arizona and Alaska; 
the Republic Mexico, and all countries Central 
America, Asia, Australasia and Africa. 


District 


District No. 


District No. 


District No. 


District No. 


i 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(March 15th April 12th, 1899.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 


the subjoined list articles references are given the number pre- 


each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, 50c. 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst: 
Tech., Boston, Mass., 75c. 

(8) Stevens Indicator, Stevens Institute, 
Hoboken, J., 

(9) Magazine, New York 

ity, 


1 
Magazine. New York City, 


(11) Engineering (London), Wiley, 
New York City, 35c. 
The Engineer (London), International 
News Co., New York 
(13) News, New York City, 


(14) Record, New York City, 
(15) Gazette, New York City, 


(16) Engineerin and Mining Journal, 
New York City. 15c. 
(17) Journal, New York 


ity, 35c. 
(18) Railway and Engineering Review, 

(19) Scientific American Supplement, New 
York 

Iron Age, New York City, 10c. 

)21) Engineer, London, Eng- 


(22) Iron and Coal Trades Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 


(24) American Gaslight Journal, New 
York City, 10c. 
(25) New York City, 


(26) Electrical Review, London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 

(28) Industries and London, Eng- 


and. 

(29) Journal, Society Arts, London, 
England. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels, Belgium. 

(32) Memoirs Compt Rendu des Tra- 
vaua, Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 10c. 

41) Modern Machinery ,Chicago, 

Transactions, Am. Inst. Elec. Eng., 
New York 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) and Minerals, Scranton, Pa.. 


(46) American New York City, 
(47) Mechanical Engineer, Manchester, 
England. 


LIST ARTICLES. 


Bridge. 
Building Concrete Arch. (40) March 


Stone Arch Bridge Moderate Cost. (13) March 30. 
Melan Arch Bridge Across the Passaic River, Paterson, (13) March 


The New York Tower Foundations, New East River Bridge. (14) 


Screw-Pile Bascule Bridge, Caringa, India. 


and Permanency the Masonry Arch Bri 


(18) Feb. 25. 
dge. Albert Buel. (9) April, 
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Bridge—(Continued). 


Atchafalaya River Bridge Piers. (14) April 

Reconstruction the Penrose Bridge, Philadelphia. (14) April 

Bridge 69, New York Division. Pennsylvania Railroad. (14) March 25. 

Chicago, Madison and Northern Swing Bridge Over Drainage Canal. (18) March 
The Inkissi Bridge, Congo Railway. (12) March 


Simple Beams Due Wheel Loads. Thomas Brereton. (6) 
an. 


Note sur Caleul Pont Vierendeel. Haerens. (31) 1898. 

Pont-Canal Biare, Loire. Rouyer. (33) March 11. 

sur Pont Alexandre MM. Résal Alby. (43) Fourth 
rimestre, 


Notice sur Pont Transbordeur Bizerte. Picard. (43) Fourth trimestre, 1898. 
Electrical. 


The Trend Designing Central Electric Stations. B.J. Arnold. (24) Feb. 20. 

Systems Electric Rates. Debell. (24) Feb. 

Artificial Lighting (Gas and Electric) for Public Institutions. (24) Jan. 30. 

Electric Installations for Lighting and Power the Midland Railway, with Notes 
Power Absorbed Shafting and Belting. W.E.Langdon. (21) Feb., 1899, 

The Lighting Country Residences. (14) 

The Public Supply Electricity Canterbury (Eng.). (12) March 17. 

Englis Direct-Current, High-Voltage, Three-Wire Central Stations. (27) 

arch 25. 

The Difference Between Good and Bad Incandescent Lamps. Francis Willcox. 
(27) March 18. 

The Growth Electric Lighting New York. March 18. 

Nernst’s Electric Light. James Swinburne. (29) Feb. 10. (27) Feb. 25. 

The Relation Between Mean Spherical and Mean Horizontal Candle-Power Incan- 
descent Prof. Fessenden. (27) Feb. 25. 

The Electric Lighting Gibraltar. (27) Feb. 18. 

Corporation Electricity Works. (26) March 10. 

The City London Electric Lighting Company’s Works. (26) March 

Multiplex Telegraphs. (15) March 17. 

The Use the Wehnelt Interrupter. Louis Levy. (27) March 25. 

Wehnelt Interrupter. George Hanchett and Charles Child. 
(2 arch 25. 

with the Wehnelt Interrupter. Hanchett. (27) April 

Electricity Direct from Coal. Rogers. (28) March 10. 

Wireless Telegraphy. Marconi. (28) (13) March 30. 

The Isolated Plant the New Boston Railway Terminal. (27) March 11. 

Alternating Currents Twenty-five Years Ago and To-Day. Edwin Houston and 
Kennelly. (27) March 

The Meran-Bozen Transmission. (27) March 

Storage Batteries and Railway Power Stations. Robert McA. Lloyd. (27) Feb. 25. 

Electric Power Stations Granada, Spain. (27) Feb. 25. 

Electricity Board Ship. Greene. (27) Feb. 18. (42) Jan., 1899. 

Electric Elevators Drury Lane Theatre. (26) Feb. 

Tonawanda Transformer Station. Orrin Dunlap. (27) March 18. 

Transmission Plant the Southern California Power Company. (27) March 18. 

Water and Electric Power Plant near Helena, Mont. (27) March 11. 

Motor-Dynamos Accumulators. Alton Adams. (17) April, 

Electric Power Steel Making. Eugene Clark. (10) April, 1889. 

Notes Telegraphy,and Telephony. Freedman. (6) Jan., 

Les Accumulateurs Electriques Gaz. (36) March 25. 


Marine. 


American Rivalry the Shipbuilding Industry. (22) Jan. 20. 

Process Fireproofing Wood for the Woodwork War Ships. (13) March 23. 

Ships’ Plants—Linde System. (19) March 25. 

The New Cruiser Chitose, for Japan. (19) March 18. 

Submarine Survey. Charles Bright. (19) March 18. 

The Lake Freight Steamer March 30. 

Battleship Glory. (11) March 17. 

The Japanese Armored Cruiser Asama. (11) March 

The Russian Armored Cruiser Gromovoi. March 

The Logical Arrangement the Motive Power Warships. Com. George Mel- 
ville. (12) March 

Russian Cruiser Pollada. (12) March 10. 

Argentine Cruiser General Belgrano. (12) March 

the Battle-Ship, the Cruiser and the Destroyer. Dickie. (9) April, 


French Submarine Torpedo Boats. (46) April 

Engines the Ultonia. (11) March 

Institution Architects March 31. (12) March 31. (28) March 30. 
Ice-Breaking Steamer Ermack. (11) March 31. 

The French Passenger Steamer Laos. (11) March 31. 

Engines the Allan Liner Castilian. (12) March 31. 
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Marine—(Continued). 


Japanese Cruiser Kasagi. (12) March 31. 

Frequency Failure Propeller Shafts. Frank Caws. 
rch 30. 

Revolving Derrick, Newport News Shipbuilding Dry Dock Co. (18) 
arch 18. 

Cuirassé Anglais Goliath. Hachebet. (33) March 11. 

Une Visite Goubet, No. (36) March 10. 


Mechanical. 


Smoke-Preventing Furnace Door. (12) March 24. 

The Hutchinson Sectional Vertical Tube Boiler. (20) Jan. 19. 

the Manufacture High Grade Boiler and Pipe Materials. (13) 

Recent Practice Steam Super-heating. (13) April 

Circulation and Heat Transmission Water-Tube Boilers. David Todd. (47) 


pril 
Steam Pipes. J.T. Milton. (12) March 24. 
Steam Mains for Electric Supply Stations. (11) March 10. 
The Measure Horse-Power. March 10. 
Novel Rotary Engine. (18) March 18. 
Two Power Multiplying Engines. (13) April 
Steam Turbines. Rankin Kennedy. (26) Feb. 17. 
Cooling Tower and Condenser Installation. Vail. (20) Feb. 
Patent Motor for Launches. (28) March 17. 
Compound Blowing Engines for the Acklam Furnaces. March 17. 
Direct Connected Gasoline Engine and Air Compressor. (25) April, 


Gas Engines. (14) April 
New Oil Motor. (12) March 
Factory Power Plant. (14) April 
Mechanical Plant the Boston Southern Terminal Station. (14) March 18. 
New Power Plant the Consolidated Traction Co., Pittsburg. (15) March 24. 
The Paderno-Milan Power Transmission. (18) Feb. 25. 
The Design Roughing Rolls. William Hirst. (20) March 16. 
New Continental Rolling Mill Equipment. (22) Jan. 
Thiesen’s Apparatus for Purifying Blast-Furnace Gas and for Collecting Coke-Oven By- 
Products. (22) Feb. 

Hot-Blast Valves. James Robinson. (22) Feb. 17. 
The Doherty Iron-Castings Process. (22) March 
Decade Progress Reducing Costs. Kirchhoff. (20) March 

Electrically Driven Air Pumps. (11) March 10. 

Electric Pumps and Pumping. Pierce. (22) (41) April, 1899. 

The Lecomte System Bunsen Burner Construction. (24) Jan. 16. 

Ice Machinery West Africa. (12) March 

English and American Machine Tools. Wood Meakin. April, 1899. 
Machine-Shop Management Europe and America. Orcutt. (9) April, 1899. 
Depreciation Element Machine-Shop Cost-Keeping. Norris. April, 1899. 
The Development Wood-Working John Richards. (9) April, 1899. 

The Rolls the Manufacture Metals. Durfee. (10) April, 1899. 
Report Committee Acetylene Generators. (29) Feb. 24. 

Acetylene. (11) March 17. 

The Real Value Acetylene Illuminant. (12) March 31. 

The Alkali Works Weston Point. (26) March 

Motor Vehicles for Heavy Loads. (12) March 

Mr. Lanchester’s Motor (12) March 17. 

New Features Moto-Vehicle (12) March 17. 

German Electric Omnibus. (18) March 25. 

Details Serpollet Steam Motor. (28) Feb. 24. 

Proposed Standard Metrical Sizes for French Motor Car Driving Chains. (28) March 10. 
Edinburgh Cycle and Motor Car Exhibition. (28) Feb. 17. 

The Motor Vehicle Commercial Operation. Herbert Condict. (27) March 

The Couget Variable Speed Gear for Motor Tricycles. (28) Feb. 24. 

Some New Features Motor Vehicle Design. Thomas Parker. (28) March 

The Steam Self-Contained Road Vehicles. (28) Feb. 17. 

New Type Motor Vehicle. (28) Feb. 24. 

Liquid Fuel. Sir Marcus Samuel. (29) March 17. 

The Application Rays the Examination Fuels. (22) Feb. 24. 

The Yard-Grading Pig Iron. William Phillips. (28) Feb. 

Repéchage d’un Titan Mostaganem. (36) March 25. 

Grue Electrique Tonnes. March 25. 

Sur Pyrometre Portatif. (31) 1898. 

Théorie Pratique Machine Vapeur. Dwelshauvers-Dery. (37) 

an., 
Compression Vapeur dans mort. Anspach. (37) Jan., 1899. 
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Military. 


High Explosives Guns and Shells. Feb. 23. 
Field Gun Carriage. (12) March 10. 
icker’s 12-In. Breech Loading Gun. (12) March 10. 


Mining. 


Account the Maypole Colliery Sinking, Wigan. Jan. 13. 
The Rating Coal Mines. Edward Boyle. (22) Jan. 27. 

Modern Pumping Machinery for Mine Service. Otto Mueller. (10) April, 1899. 
Notes Michigan Mining ctice. Hildburgh. (6) Jan., 1899. 

Long Advancing, Compared with Room and Pillar. Edward Jones. (45) April, 


1899, 
Rhodesia and Its Mines 1898. William Fischer Wilkinson. (29) Feb. 
Cornish Mines and Cornish Miners. (29) March 10. 
New Method for the Determination Zinc. (28) March 10. 
The Semet-Solvay By-Product Coke-Oven Plant Ala. (13) March 16. 
Traction Electrique par cables sans fin dans les Mines Montceau-Fontaine (Belgique). 
Schmerber. (33) March 25. 


The Massachusetts State Highway Report for 1898. (14) March 25. 
Tests Paving Brick the Iowa State College. (14) 
The New Gas Works Edinburgh. (12) March 24. 


Railroads. 


otes Colorado Railways. (13) April 

The Nilgiri Mountain Railway. (12) March 31. 

the Orleans Railway the Jacques Boyer. (9) 

The Passy Underground Railroad. (19) March 25. 

The Railway Systems South America. March 23. 

The Trans-Siberian Railway and the Coal Resources Siberia. (22) Jan. 27. 

Sand Blast for Removing Paint from Tender Tanks. (25) March, 1899. 

New High-Speed Locomotive. April1 

Eight-Wheel Class Passenger Locomotive, Wabash Railroad. (15) March 

Ten-Wheel Passenger Locomotive, Buffalo, Pittsburg and Rochester Railway. (15) 

March 31. April, 1899. (18) March 25. March 23. 

Consolidation Compound Locomotive, Northern Pacific Railway. (18) April 

Schenectady Moguls for the Southern Pacific. (15) March 31. 

Vauclain’s Compressed Air Locomotives with Heater. (25) Feb., 1899. 

The Heisler Geared Locomotive. (40) March 

Consolidation Locomotive for the Lehigh Valley Railroad. (40) March 10. 

Express Passenger Engine, Lancashire and Yorkshire Railway. (12) March 17. 

Erecting Locomotive. Prof. Smart. April, 1899. 

Tests Wide and Narrow Fireboxes. Vaughn. (25) April, 1899. 

Cast-Steel Side Rods, Philadelphia and Reading Railway. (25) April, 1899. 

Powerful Passenger Locomotives Fast Trains. (25) Feb., March, 1899. 

Underhung Driving Rigging: Pomeroy. (25) Feb., 1899. 

Steam Motor Car the and March 31. 

Locomotive Fireboxes, London and South Western Railway. (25) 
arch, 

Some Cast-Steel Locomotive Details. (25) March, 1899. 

Compound Express Locomotive, Austrian Stadtsbahn. (12) March 31. 

Steam and Electric Mine Locomotives. (16) April 

Atlantic Locomotive Germany. (15) March 17. 

Locomotive Coal Tests, St. Ry. and Purdue University. (25) Feb., 1899. 

Capacity Gondola Car for the Lake Terminal Road. (15) March 81. 

Car Trucks the Cleveland, Cincinnati, Chicago and St. Louis, (15) 
are 

66-Foot Car for Steel Rails. (25) April, 1899. 

Light and Heavy Cars. Reynolds. (25) April, 1899. 

Scales for Weighing Baldwin Locomotive Works. (25) April, 

Permanent Way for Steam Railways. (13) March 23. 

The First Ever Rolled. (23) Feb. 15. 

Rail Trimming the Michigan Central and Santa Roads. (18) March 

Side Scraper and Leveler, Yazoo and Mississippi Valley Railway. (18) March 25, 

Steel Water Tanks, Ry. (39) April, 1899. 

New Car Shops, Ry., Sedalia, Mo. (39) April, 1899. 

Yard Installation for Testing Air Brakes. March 24. 

The Resistance Loaded and Empty Freight Cars. (15) March 

The Baldwin Train Resistance Formula. (15) March 17. 

Freight Loading System Richmond, Va. March 

Gross Receipts per capita and per mile Track Principal American Cities. (17) 


April, 1899. 
Rapid Transit Dense Centers Population. John Lundie. (17) April, 1899. 
and Repair shops the Cleveland Electric way Company. (17) 
pril, 
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Railroads—(Continued). 


Notes Operation Light Mineral Railroad. James Douglas. (18) April 

The Movable Platform Saint Ouen. (19) April 

Emergency Single Track Blocking. (15) March 

Block Signaling the Atchison, Topeka and Santa Railway. (13) March 30. 

The Distant Signal. (18) Feb. 25. 

Inspection Automatic Block Signals. (15) March 17. 

Automatic Block Signals the Southern Pacific Los Angeles. (15) March 17. 

The Lewiston, Brunswick and Bath Street Railway. (24) 

Chicago and Milwaukee Three-Phase Electric Railway. April 

Commercial Aspects Electric Traction Great Britain. Emile Garcke. (9) April, 1899. 

Glasgow Corporation Tramways. Parshall. (11) March 

Madrid Electric Tramways. (26) Feb. 24. 

Barcelona Electric Tramways. (26) Feb. 24. 

Appareil permettant Mécaniquement les Voies Ferrées. P.F. Dubois. (43) 
Fourth trimestre, 1898. 

Appareil Dynamométrique Téodorovitch. Henri Chevalier. (32) Jan., 1899. 

Les Tramways Electriques (34) March, 1899. 

Chemin Fer Métropolitain Paris. Hervieu. (35) March, 1899. 

Note sur Wagon Platforme surbaissée Transport des grosses piéces 
mécaniques. Koechlin. (38) March, 1899. 


Sanitation. 


Sewer Catch-Basin and Cleaning Apparatus Wilmington, Del. Chalkley Hatton, 
Am. Soc. (13) March 30. 
The North Yarra Sewer Tunnel, Melbourne. (14) April 
New Units the Design Sewers. (14) March 
The Pollution the Passaic River. March 18. 
Catch-Basins and Sewers Providence, R.I. (14) March 25. (13) 
arc 


Studies for High Level Gravity Sewer for Boston and (13) March 16. 

The New Massachusetts Project. (14) arch 18. 

Notes the Operation the Sewage Filter Beds Plainfield, (13) March 16. 

Bacillite Sewage Disposal Hanley, England. (14) March 25. 

The Exeter Septic Tank System. (14) March 25. 

Sewage Treatment, Brooklyn, (14) March 25. 

mes, England. James Fuertes, Am. Soc. 
(14 pril 

Ventilation the Schlesien and Deutschland Collieries Blowers. (22) Feb. 24. 

Compression Ventilators German Coal Mines. (16) April 

The Destructor. (12) March 17. 


Structural. 


Notes Preserving and Fireproofing Timber and Timber Substitutes. 

Some Engineering Features Boston School. (14) March 25. 

Small New York Library. (14) March 18. 

The Acker, Merrall Condit Stables, New York. (14) March 18. 

Cincinnati Steel Chimney. (14) 

Plant the Ashland Steel Company. (20) Feb. 

The Buffalo General Hospital. (14) April 

The New Iron Foundry the General Electric Company. (15) (20) April 


Des Derniers Progrés Accomplis dans les Constructions Ciment Armé. Te- 
desco. (32) Jan., 1899. 


Water Supply. 


Gasoline Pumping Plant for the Water-Works Toms River, (13) March 30. 

Ice Shields the Buffalo Water-Works. (14) April 

New Water Tower Schenectady, (14) April 

Proposed State Legislation Prevent Water Pollution. (13) March 16. 

The Transfer the Watertown Water-Works. (14) March 18. 

The New High-Service System, Lawrence, Mass. March 25. 

The New Rockford Pumping Plant. (14) March 18. 

Standpipe Failure Murphysboro, Ill. March 18. 

The Coolgardie Steel Pipe Contract. (22) Jan. 13. 

The Montrose Irrigation Canal, Colorado. Hardesty. (13) March 23. 

Water Softening. April, 1899. 

The Periar (India) Dam. (19) April 

Repairing Deep-Well Pump. (12) March 31. 

Installation Hydro-Electrique Paderno d’Adda. Transport force 13,000 che 
vaux kilometers. Vannotti. (33) March 25. 

Note sur une Etude Expérimentale sous Pression sur les Macon- 
neries. Breuillé. (43) Fourth trimestre, 1898. 

Résolution Deux Questions sur Mouvement Varié des Eaux (Propagation d’une 
Crue d’une Marée Fluviale). (30) Feb., 1899. 

Expériences sur Mouvement dans les Canaux Rectangulaires Alimentés par 
une Vanne. Keelhoff. (31) Oct.-Dec., 1898. 
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Waterways. 


The Problem the Mississippi. Herman Haupt. (3) April, 1899. 

Expériences sur Resistance Fermettes Barrages pour soutenir des 
Aiguilles mode consolidation pour permettre des Vannes. 
Claise. (43) Fourth trimestre, 1898. 

Role Nouveau Dragage Mécanique des Passes dans Régularisation des Fleuves. 
Timonoff, Am. Soc. (43) Fourth trimestre, 1898. 

Note sur Remplacement Pivot 


d’ebe aval, rive droite, l’écluse 

Port Dunkerque. Perrier. (43) Fourth trimestre, 1898. 
Essai sur les Travaux Fascinages Construction des Digues Description 
Réendiguement des Polders Bas-Escaut Belge. U.N. (30) Feb., 1899. 


Rapports sur les Travaux Section (Complement) Section Congres 
Navigation. Walin. (31) 1898. 

Les Travaux Port Havre. Georges Leugny. (36) March 25. 

Distribution des Vitesses Suivant Verticale dans les courants Marée. Bour- 
delles. Fourth trimestre, 1898. 


Installation Electrique pour canal Bourgogne. Galliat. (43) 
Fourth trimestre, 1898. 


NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


LUBRICANTS, OILS AND GREASES. 


Treated Theoretically and Giving Practical Information regarding 
their Composition, Uses and Manufacture: Practical Guide for 
Manufacturers, Engineers, and Users general Lubricants. 


Redwood. Cloth, pp. plates. New York, Spon 
Chamberlain, 1898. $1.50. 


The author has endeavored give engineers insight into the properties the 
various lubricants, and explain the theory and general requirements that govern 


their manufacture, The contents are: Part Theoretical; Part II, Manufacture. There 
index four pages. 


MINERAL OILS AND THEIR BY-PRODUCTS. 


Including Short History the Scotch Shale Oil Industry, the 
Geological and Geographical Distribution Scotch Shales, Recovery 
Acid and Soda Used Oil Refining, and List Patents relating 
Apparatus and Processes for Obtaining and Refining Mineral Oils. 


Redwood. Cloth, ins., 336 pp.,illus. New York, 
Spon Chamberlain, 1897. $6.00. 


The local importance the Scottish Shale Oil Industry has received recognition 


practical treatises but the author has attempted deal with the subject 
more fully than there 


been opportunity for works comprehensive character. 
There index ten pages. 


PORTLAND CEMENT: ITS MANUFACTURE AND USE. 


pp., New York, Van Nostrand Company, 1898. $1.00. 


This monograph the outgrowth course lectures delivered engineerin 
students. The contents are: General Considerations; Historical Data; Manufacture 
Portland Cement; Testing Cements; Abstracts from American, German, French and 


Austrian Specifications for Portland Cement; The Chemical Processes Concerned the 
Hardening Cements; Cement Testing Machines and Stone Crushers; The 
Use Portland Cement; Cement Tests. There index six pages. 
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THE BAROMETRICAL DETERMINATION HEIGHTS. 


Practical Method Barometrical Leveling and Hypsometry, for 
Surveyors and Mountain Climbers. Corderio. 
pp. New York, Spon Chamberlain, 1898. $1.00. 


The author, the preface, says: discrepancies arising the calculation 
mountain heights the barometrical formulas which have hitherto been use have 
brought this valuable, and many cases only method into disrepute. The 
fault has lain the formulas, not the met 


od, which one susceptible great 
The author furnishes new formulas. 


ENERGY AND HEAT. 


John Roger. Cloth, ins., pp. New York, Spon 
Chamberlain, 


The author contends that the term latent the measurement the energy 
the thermal unit, and the accepted relations heat and energy are fallacious 
leading, and that the economy the steam engine much underestimated. 


TRANSFORMER DESIGN. 


Treatise Their Design, Construction and Use. George 
Adams. Second Edition. Cloth, 5ins., pp. New York, Spon 
Chamberlain, 1899. $1.50. 


The author states that has endeavored avoid historical matter and the use 
mathematical analysis, most cases giving results only single formulas. The con- 
tents are: Types Transformers; Power Factor; Induction and Iron Losses; Induction 
and Copper Losses; Sine Curves; Thickness Core Plates; Distribution; Lamppost 
Transformer; The Three Wire System, etc. There index four pages. 


THE PURIFICATION PUBLIC 


John Hill, Am. Soc. Cloth, ins., 304 pp. 
New York, Van Nostrand Company, 1898. $3.00. (Donated the 
author. 


This work intended present the facts and causes pollution sources 
public water supply, the effect this pollution the typhoid rates the larger cities, 
and show that the typhoid rates have been reduced the introduction water from 
purer natural sources and filtration polluted waters. 

The headings chapters Sources Public Water Supply; Bacterial Contents 
Various Waters; The Typhoid Bacillus and Typhoid Fever; Classification Cities 
Typhoid Fever Statistics; Pure and Purified Waters; Citations Typhoid Fever 
Epidemics; Sedimentation Polluted Waters; Sterilization Drinking Water; Filtra- 
tion Water Supplies; Types Sand Filters; Mechanical Filters; Hamburg Settling- 
Basins and Filters; The Filters the Berlin Water-Works; The Fischer Filter and Ander- 
son Purifier; Filters Proposed for Cincinnati; Cost Filters and Filtration; Typhoid 
Fever Statistics from Large Cities the World; The Bacteria; The Legal Liability 
Cities and Water Companies for Damages Sewage Polluted Water. Ten pages are 
devoted index. 


THE PURIFICATION SEWAGE. 


Being Brief Account the Seientific Principles Sewage Puri- 
fication and Their Practical Application. Sidney Barwise, M.D. 
Cloth, 7x5 ins., 150 pp. New York, Van Nostrand Company, 
1899. $2.00. 


The question dealt with chiefly from chemical and biological standpoint. has 
been the endeavor the author present the latest researches upon the subject. 

The headings chapters are: Sewage; Its Nature and Composition; The Chemistry 
Sewage; Varieties Sewage and the Changes Undergoes; River Pollution and Its 
Effects; The Land Treatment Sewage; Precipitation, Precipitants and Tanks; Filtra- 
tion Nitrification; Special Forms Sewage Filters; The New Departure, Bacter- 
Four pages are devoted index. 
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Membership. 
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kvil 


Co., Drawer 
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WALLACE........... Asst, Eng., Conn. River 


Bridge Commission, 171 
St., Hartford, 
City Engineer, Jun. April 1893 
Rome, Assoc. April 1899 
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295 Mount Prospect Ave., 
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Care, Passaic Rolling Mill 
Co., Paterson, April 1899 
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ANDERSON....... 1815 Douglas St., Omaha, Neb. 

JOHN Pocatello, Idaho. 

Vol. Engrs., Custom House, St. Louis, 
Mo. 

Francis Culiacan, Estado Sinaloa, Mex. 
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Director Public Works, San Juan, 
Porto Rico. 
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Carnegie Bldg., Pittsburg, Pa. 

Div. Eng., Eastern Div., State 
Canals, Pine Ave. (North), Albany, 
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Marc Rapids, Mich. 

Man., Wolff Zwicker Iron Works, Port- 
land, Oregon. 

Max Broad St., Room 301, New York City. 
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GREENE, Machinery, The Barber Asphalt 
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JoHN Civil Eng., Ry., Boone, Iowa. 
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Moray ..........Care, Ford Co., Ponce, Porto Rico. 
JERRE TURNER.......... 1303 Schiller Bldg., Chicago, 
Van New York Man., Heine Safety Boiler Co., 
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AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions 
any its publications. 


COMPARATIVE TESTS BITUMINOUS STEAM 
COALS. 


PRESENTED May 3p, 1899. 


During the past few years several papers have appeared the 
Transactions the American Society Mechanical Engineers, and 
engineering periodicals, touching the ultimate chemical analysis 
coals, especially bituminous and semi-bituminous coals, and upon the 
determination the heating power coals from the proximate and 
ultimate analyses and calorimetric methods; and attempt has 
been made upon more than one occasion, deduce from knowledge 
the intrinsic thermal value coal the relation its 
power and the practical results which can obtained from when 
burned under steam boilers. one the most interesting and ex- 
haustive these papers, contributed the late Charles Emery, 
Am. Soc. E., the whole field experimental information the 
comparative efficiencies coals briefly and clearly reviewed.* 

The papers contributed Professor Carpenter, Cornell 
University; Mr. George Barrus, E., Boston; Professor 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discussion 


Comparative Tests Steam Boilers with Different Kinds 
American Society Mechanical Engineers, Vol. xvii. 
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Lord, the Ohio State University, and others, when taken together, 
seem indicate more profound interest the composition, energy 
and practical possibilities steam coals, than has been displayed 
all the years that have transpired since Professor Walter Johnson 
made his celebrated investigations for the United States Navy,* and sug- 
gest that any experimental data upon this subject should welcome 
those whose interests touch, however this important 
factor modern civilization. 

During the summer 1897, the author was commissioned the 
Honorable Board Administration, Cincinnati, investigate and 
report the various bituminous steam coals available the local 
market, with view obtaining factors means which the 
prices asked dealers for different kinds and grades coal could 
reduced uniform basis for the comparison bids. The practical 
application these factors can best illustrated the fact that 
heretofore has generally been assumed, upon receiving bids coal 
for the City Water Department any other municipal service, that there 
was large difference the quality the various coals offered, and 
that the lowest bid represented the most economical purchase. Each 
mine owner agent very naturally has insisted that his coal was equal 
superior that his competitors, from which the average city 
official would argue that one coal quite good another, the 
lowest bid represented the greatest economy the corporation. 
means the factors mentioned, the price bid multipled, and new 
set prices obtained for purposes comparison only; and that price, 
which after such reductica the lowest, represents the most econo- 
mical coal for steam purposes. 

The experimental work embraced: 

First.—A practical steam test each kind and grade coal (of which 
there were over 50), under uniform conditions, for period hours. 

Second.—A proximate chemical analysis each kind coal. 

Third.—A calorimetric determination the heating power each 
kind coal. 

The investigations, with some interruptions, occupied the interval 
from July 27th, 1897, April 28th, 1898, the evaporation tests being 
conducted the Hunt Street Pumping Station the City Water- 
Works, and the laboratory work the author’s office the Glenn 
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Building. the physical tests, from 000 000 coal were 
burned continuous trial hrs., and from 168 000 178 000 
water were supplied the boilers. 

The duration the physical tests, hrs., was fixed upon order 
embrace two full watches tricks the engineers, firemen and 
coal wheelers the station. All the different kinds coals 
were fired under the same boilers the same firemen, one fireman 
firing during the 8-hour morning watch, and the other during the 
8-hour evening watch, the relative position the men being changed 
the end each series eight tests. 

The coals were burned pair Galloway fire-box boilers, Fig. 
built the Edge Moor Iron Company, Wilmington, Del. These 
boilers had been service the station for ten years prior their 
use for the coal tests, but were excellent order, and during the 
period these tests were used for other purpose. 

The physical tests contemplated the same amount work per 
hour for each kind and grade coal, the amount coal burned 
perform this work varied according its quality. With some 
the inferior coals, especially with this could not always 
accomplished, and the rate steam production was therefore lowered 
slightly admit burning such coals under fair conditions. The 
steam was used operating the pumping engines the station, 
which were under the author’s control, order that the consumption 
steam should keep pace with the rate production adopted for the 
tests. The whole work the station during the interval the phys- 
ical tests was nicely adapted the requirements and conditions the 
coals submitted investigation. 

avoid much possible the furnishing selected samples 
coal for test purposes, the city purchased the coal under the 
formal requisitions the Water Department, and the dealers were 
instance permitted present during, have knowledge the 
results of, the trials. was hoped thus arrive the fair commer- 
cial value the respective coals, and eliminate from the economic 
results the influence samples selected for the occasion. 

The two firemen who stood all watches during the tests were de- 
tailed the Superintendent Water-Works for this special duty. 


All assistance specially required for the tests was furnished from the 
author’s office. 
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The two Galloway boilers were each the following dimensions: 
Shell, ft. diameter, ft. long. 
Fire-boxes (2), ft. ins. inside diameter, ft. long. 
Grates (2), ins. wide, ft. ins. long. 
Combustion ft. ins. vertical diameter, and ft. ins. 
horizontal diameter, ft. long. 
Galloway circulating tubes (33), ins. diameter small end, 103 
ins. diameter large end, ft. ins. long. 
The boilers were set expose about two-thirds the shell 
heating surface. The heating surface one boiler divided 
follows: 


Heating surface, fire-boxes (2)............ 83.982 sq. ft. 
Heating surface, Galloway tubes (33)........... 212.338 sq. ft. 
Cross-section, Two fire boxes.................. 12.608 
Ratio, heating grate surface................ 27.50 
Ratio, grate surface flue vent............... 3.16 


Water surface, one boiler (mean level) ft. ins. wide, ft. 
long. 
Chimney (iron), ins. diameter, ft. high. 


The length the smoke traverse from the front end the grates 
the top the chimney was follows: 


October 11th, during Test No. 28, and November 18th, dur- 
ing Test No. 35, tests were made ascertain the time required 
the hot gases flow from the front end the fire-boxes the 
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top the chimney. This was accomplished allowing the coal 
the grates burn incandescence, and then throwing into the 
fire-box pint liquid asphaltum and quickly closing the fire- 
door. From these tests, the mean velocities the gases through the 
fire-boxes, flues and chimney were follows: 


10.825 ft. per second. 


The Galloway boilers were the only ones the water department 
which were not supplied with some kind fuel-saving device 
some other appliance which might interfere with uniform treatment 
all coals, and also sufficient capacity admit using the 
coals reasonably large quantities. These boilers, without urging, 
made dry steam the rate 625 lbs. per hour from feed water 
temperature 190° Fahr., and steam pressure 102 
equivalent 326.90 Commercial the Centennial Standard 
boiler power rating. 

The coal was weighed from the sample lot iron barrows car- 
rying from 250 600 depending upon the kind coal, and 
was fired directly from the barrows the boilers. The time each 
barrow was fired from was noted, and the unburned coal the 
barrow the end the test was weighed back and deducted from 
the aggregate charge. 

Provision was made, upon receiving sample shipment coal 
the pumping station, store that rain snow should not wet 
it, and each sample was kept separate from the coal used for the 
routine work the station. The tare the iron barrows was taken 
each time one was run out the boiler house empty for new load 
coal, and the net weights obtained were the weights coal 
actually fired from each barrow. 

Previous the beginning each test, the boilers, with clean 
grates, were fired from the sample coal, the steam pressure was 
brought 102 lbs. gauge, the temperature the feed water was 
raised 190° Fahr. (with few exceptions), and the pumping engine 
was started normal speed. This procedure was always observed, 
and occupied usually about two hours. 

When the charges coal the grates, just before starting 
measured test, were longer able maintain the steam pressure 
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under normal conditions engine speed, temperature, and rate 
supply feed water, the signal for starting was given, and for hrs. 
thereafter all notes necessary make physical test the coals were 
taken half-hourly. 

the end each test the last charges coal the grates were 
continued, the beginning, until the steam pressure, with the 
normal speed the pumping engine, could longer maintained, 
when the test was stopped. 

The grates were cleaned, usually, regular intervals, and all ash, 
clinker and unburnt coal was weighed back dry. The firemen were 
constantly under espionage during the tests, and were required 
alert and attentive, without exceeding the care which all times 
should prevail firing coal under steam boilers. 

The water was supplied the boilers through pair 3-in. hot- 
water, Worthington meters, made for the purpose, which were rated 
before and after each series eight tests, and occasionally shorter 
test intervals. The meters were rated under the same conditions 
temperature water and rate delivery during the coal tests, the 
water discharged being weighed tank platform scale, 
and reduced volume corresponding the temperature the water 
passing through the meter. The meter tests each series were 
ciently numerous avoid error determining the value the factor 
required reduce the meter reading the true amount water 
delivered the boilers for the previous series coal tests. 

anticipation some criticism the use water meters for the 
measurement water the boilers, the following explanation the 
conditions which brought about their preference tanks and 
offered: 

The pumping station where these coal tests were conducted 
daily service, although usually for shorter length time each day 
than the interval preparation for and test each sample coal, 
and upon the odd days when tests coal were progress, the 
machinery was operated the usual service, and the completion 
each coal test, the house was left such condition that the pumps 
could operated the following morning, taking steam, however, 
from one two three other sets boilers the house, the Gallo- 
way boilers being reserved exclusively for the coal tests. 


The feed pumps and pipes and feed-water heater were common 
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all boilers, but during the test sample coal were devoted exclu- 
sively the test boilers, and all other times such other boilers 
may have been service. This arrangement prevented the usual 
breaking connections the general system feed-water pipes 
the ordinary service boilers, and compelled measurement the 
water the test boilers point the line feed-water pipes 
which would effectually avoid any gain loss water before was 
delivered the test boilers; and such point (on top the boilers) 
the water had passed through the feed-water heater and been brought 


near the boiling point, meters were regarded the only convenient 


means for this purpose. 


The feed pipes from the meters the check valves the Galloway 
boilers were exposed view, and loss joints could have 
occurred without its being promptly noticed; and connections were 
made with these pipes through which either gains losses from other 
boilers might have occurred. Thus all water which passed through 
the meters was delivered without gain loss into the test boilers. 

Recognizing the difficulty satisfactory measurement meter 
the water delivered the boilers, careful tests the meters were 
made previous the coal tests, and frequent intervals during the 
first few tests, until was discovered that the wear the meters fol- 
lowed nearly uniformly varying curve; and determining the 
amount water credited any test, was assumed that the 
wear the meters was uniformly variable between any two successive 
tests the meters, and the gross error was properly distributed 
between the several preceding tests. 

testing the meter for error registry, cu. ft. meter was 
taken for each draft the tank, and usually five six drafts were 
made correct for slight variation rates flow. The error was 
obtained comparison the actual weight water drawn with the 
weight the observed temperature the water registered the 
meter. 

Previous each test and frequent intervals the screws the top 
the meter case were loosened vent any air vapor which might 
have formed the meter, but, excepting upon starting, there was 
seldom any air vent, while the the water (190° 
Fahr.), and the pressure under which the were worked (105 
Ibs.) preciuded the formation vapor from the hot water. 
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The coal tests were for comparative rather than absolute effects, 
and long the method water measurement was alike for all sam- 
ples, and not subject vagaries phenomena, was considered suf- 
ficient for the purpose. Meter readings were taken and compared 
half-hourly during the whole test each sample coal. 

The water levels each boiler were read from scales attached 
the glass tubes and graduated eighths Any discrepancy 
between the first and last water levels was corrected adding sub- 


tracting the proper volume water reduced weight due the 


temperature the steam and water the boilers the end test. 
careful management the boiler feeder was often possible 
obtain exactly the same water level the end the test start- 
ing, and during the tests hold the water levels quite close the 
starting point. 

The readings, taken for the two boilers, indicated the depth 
water above the brass nuts the lower ends the glass gauges. 
These nuts were 1.875 ins. below the crowns the fire-boxes, and this 
amount substracted from the readings the scales gives the depth 
water over the fire-boxes during the respective trials. the tables 
which follow, the water levels are stated the mean depth inches 
over the fire-boxes. 

The steam gauges and thermometers were good make, and were 
compared from time time with standard test instruments, and all 
readings were corrected for errors registry. The quality the 
steam was determined pair Carpenter” throttling steam cal- 
orimeters, obtained from the Schiiffer and Budenberg Company, New 
York. One each these was set the steam outlet the mid- 
length each boiler, the deductions were averaged from each instru- 
ment, and the mean result used computing the water entrained and 
the net steam for each test. 

Calorimetric observations the steam were taken every half hour 
during each test, although was early discovered that the condition 
the steam was function the boiler and not the coal, the qual- 
ity being quite the same for good and bad coals, and such variations 
occurred from time time during any test, and from coal coal 
during the several months test, were attributed variations the 
rate steam flow the pumping engines, and the opening the 
fire-doors the time taking calorimeter readings. The calorimeters 
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and steam were heavily clothed with non-conducting 
materials prevent loss heat the atmosphere, gain heat from 
the steam pipe the condensing bulb the instrument. 

During these tests over observations were made with the 
steam calorimeters, and these were reduced and carefully studied for 
influence the pumping engines the quality the steam. 


EFFICIENCY THE STEAM. 


With reference the quality steam, this should depend upon 
the type and setting boilers, the rate evaporation per unit 
heating surface, and the manner which the steam taken from 
the boilers. Super-heating surface will required produce dry 


super-heated steam, and lack super-heating surface the 


design setting boilers means steam thermal value lower than 
saturation. The quality steam may slightly affected the 
fuel and firing. low-grade fuel, careless firing, with fre- 
quent opening the fire-doors and the rush cold air into the fire- 
boxes furnaces, may lower the quality the steam and increase 
the amount water entrained. But with coals not varying greatly 
value, and with uniform care firing, the quality the steam 
should function the boilers, the rate which they are 
worked and the manner taking the steam from the boilers. 

steam delivered steady rate into the atmosphere, 
engine, where there sensible variation the flow for any 
given rate evaporation, the quality should maximum. When 
the delivery steam irregular and subject large and rapid 
variations flow, the quality should minimum. 

the time these tests were projected, was thought that the 
quality the steam would quite uniform for all tests, varying 
inversely with the rate evaporation, and rising and falling slightly 
with the quality the coals; but consideration had been given 
the influence the engines the quality the steam. 

The pumping station contains two pumping engines, each the 
same nominal capacity, viz., galls. per hours, delivered 
against net head 310 ft. One these plain compound con- 
densing Worthington engine, and the other (the Niles engine), pair 
non-condensing western river steamboat style engines, coupled, 
with cranks set quarters, and steamboat poppet valves operated 
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rocking toes and lifters. The operation the steam valves the 


Worthington engine smooth, and without sensible shock the column 
steam the steam pipe moving from the boilers the engine, while 
the steam valves the other engine are abruptly opened and closed, 
producing, while the valves are open, high velocity the steam pipe, 
and bringing the column steam quickly state rest when the 
poppet valves are closed. Both the opening and closing movements 
the steam valves the Niles engine are rapidly effected quick- 
acting cams, wholly unlike the smooth easy motion the slide valves 
the duplex Worthington engine. 

When the steam was taken from the boilers the Worthington 
engine, the quality was high; and when taken the Niles engine, the 


efficiency the steam dropped from per cent. The fact had 


been observed for some time before the cause was suspected; but the 
uniformly higher quality steam when the Worthington engine was 
service demonstrated that the engine itself had influence the 
quality the steam, and probable influence the economical 
effect the coal. 

the fifty-four tests, twenty-four were made with the Niles 
engine, three partly with the Worthington engine and partly with the 
Niles engine, and one trial was made partly with the Worthington 


engine, and partly blowing the steam through the feed-water 
heater into the atmosphere. 


The other twenty-six tests were made 
with the Worthington engine. 


With the exception Test No. was purposely made partly 
with each engine), changes from one engine the other, the mode 
disposing the steam, were caused accidents, which compelled 
the stopping the damaged engine and the starting the other; or, 
one instance, the wasting the steam into the air for few hours. 

Test No. was made for hrs. mins. with the steam going the 
Worthington engine, and for hrs. mins. with the steam going 
through the feed-water heater the atmosphere. 

Test No. was made for hrs. mins. with the steam going the 


Worthington engine, and for hrs. mins. with the steam going 
the Niles engine. 


Tests Nos. 19, inclusive, were made with the Niles engine. 
Test No. was made hrs. mins. with the Niles engine, and 
for hrs. mins. with the Worthington engine. 
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Tests Nos. 41, inclusive, were made with the Worthington 
engine. 
Tests Nos. 49, inclusive, were made with the Niles engine. 
Test No. was made for hrs. with the Worthington engine, and 
for hrs. mins. with the Niles engine. 


Tests Nos. 55, inclusive, were made with the Worthington 
engine. 

Tests Nos. and 50,having been made partly with the Niles 
engine and partly with the Worthington engine, opportunity was 
offered inquire into the influence (if any) the engines the effi- 
ciency the coal. 


TABLE No. EFFECTS WITH WORTHINGTON AND 


Pounds coal per cubic foot 
Worthington. 6.549 
ee iles. 7.182 
Worthington. 6.682 


Niles. 6.696 


During the early part Tests Nos. and 50, the Worthington en- 
gine was service, and during the latter part the Nilesengine. During 
the early part Test No. the Niles engine was service, and 
during the latter part the Worthington engine. Considering these tests, 
there distinct, though rough, indication that the engine through 
which the steam was worked had influence the economy the 
several fuels. Comparisons steam, water and coal supplied the 
boilers during intervals the tests when both engines were (at times) 
service, show, instances but one, that the coal per unit water 
was greatest when the Niles engine was running, while the single 


exception the coal per unit water was almost precisely the same for 
each engine. 


The notes from the calorimeters uniformly show lower efficiency 
when the steam was going the Niles engine; and while was 
thought that the loss steam efficiency was probably compensated 
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corresponding increase the delivery water the boilers; but 
careful review and comparison the coal and water supplied the 
boilers when both engines—at different times—were service, show 
that not only was the quality the steam lower, but the coal required 


TABLE No. THE STEAM. 


Coal under test. and at- Niles en- 
Barge Run.... 0.9836 
Creek, Nut and Slack... |............ 
..|Keystone, Mine Run. 0.9939 
Mine Run 0.9935 
Belmont Splint, Mine Run.. 0.9949 
...|Logan Cons., Thacker, Mine 0.9851 
Tenn., Nut and 0.9784 
Mine Run........ 
Grove, Mine Run. 


Chesapeake, Mine Run. 
Mine 
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per unit water supplied the boilers was higher with the Niles 
engine. 

Table No. shows the efficiencies steam for Tests Nos. 50, 
inclusive. Column given the mean efficiency the steam when 
was consumed for the major portion the test the Worthington 
engine, and blown through the feed-water heater into the air for the 
latter portion the test. Column shows the efficiencies the steam 
when the Niles engine alone was working. Column contains the same 
data when the Worthington engine alone was working; and Column 
the efficiencies when the steam was taken for portion the test 
the Niles engine, and for portion the test the Worthington 
engine. 

For Tests Nos. 55, inclusive (Worthington engine), the calori- 
meters were read regularly all previous tests, but, the notes 
simply confirming the results obtained from Tests Nos. 41, 
inclusive, the mean efficiency (0.993) for these former tests was used 
determining the weight water actually converted into steam for the 
last five coals. 

was unfortunate that all coals could not have been tested with 
the same engine taking the steam, but accidents, first one engine and 
then the other, made this impossibility, and recourse must 
had such corrections for the engines the data will warrant. 

will understood that, throughout the tests mentioned, when 
first one engine and then the other was used work off the steam made 
the test boilers, the same coal was burned, and when comparisons 
are made the influence the engines the coal required per unit 
water, coal always the same commercial quality under con- 
sideration. 

Considering the New River coals, which were tested first (Test No. 
1), working the steam for nearly hours through the Worthington 
engine, and then for over hours through the feed-water heater the 
atmosphere; next (Tests Nos. and 35), when the Worthington engine 
used the steam for the whole each test; and finally (Test No. 49), 
when the Niles engine used the steam for the entire trial, appears 
that the efficiency the steam varied perceptibly under these different 
conditions use, and that while the boilers, firemen and fuel were not 


changed, the change the manner using wasting the steam had 
influence its quality. 


156 


HILL TESTS STEAM COALS. [Papers. 


Kind coal. ure. |Disposition steam being taken 
pounds. unity. 
River, Mine Run.. 100.5 Worthington en- 
feed-water 
4hrs. 
River, Mine Run.. 101.4 Worthington en- 
0.9935 
River, Lump...... 101.3 Worthington en- 
49.... New River, Lump...... 100.9 Niles engine....... 0.9771 


this comparison appears that the efficiency the steam was 
1.63% higher when the Worthington engine was used than when the 
Niles engine was used, and avoid prejudice any coal investigated 
during these tests, the author concluded that careful study all the 
conditions and data warranted the assumption that the extreme varia- 
tions the efficiency the steam were not due either the kind 
grade coal burned, but the manner using the steam from the 


boilers, and that for purposes comparison the coals should rated 
upon uniform efficiency the steam. 


THE 


The tests were made with the boilers ordinary condition, and 


the end each series three four tests, the boilers were opened and 


all loose material washed out. The feed water was passed through 


Excelsior filter and feed-water heater, which intercepted the mud and 
heavier suspended matter before reached the boilers. each 
periodical washing amount loose scale and fine silt was re- 
moved from the circulating tubes and the bottom the boilers. After 
Test No. the boilers were opened and the small amount scale 
found was carefully chipped and scraped off the surface the 
metal. Test No. was then made, value which had 


been previously established during Test No. with the boilers 
ordinary condition. 


Assuming that Test No. represented the boilers the condition 
for all coals tested, while Test No. represented the boilers the best 


possible condition, Table No. the comparison effects for 
these two tests. 
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TABLE No. STEAM PER PouND COAL AND PER 
Coat). 


Duration test. hrs. mins. hrs. mins. 
Steam per pound coal from and 212° Fahr, 
Steam per pound combustible from and 
Increased percentage combustible (second trial 


Apparent gain economy coal. 
Gain economy Percentage... 


From this comparison appears that the difference between the 
performance given coal with the boilers very carefully cleaned, 
and with the boilers ordinary working condition, was about 
amount which the economic and capacity results obtained with 
each coal may increased show the possibilities these several 
coals with perfectly clean heating surfaces and ordinary firing. 


Fifty-four samples coal were tested, follows: 
Fourteen samples Pennsylvania (Pittsburg) coals. 
Thirty-three samples West Virginia coals. 

Four samples Ohio (Hocking Valley) coals. 
Two samples Kentucky coals. 
One sample Tennessee coal. 


The Pennsylvania coals were follows: 


Four samples from the Brown Mines, Nos. and 11, Second 
Pool, Monongahela River. 


Four samples from the Catsburg Mine, No. 47, Third Pool, 
Monongahela River. 


Two samples from the Cincinnati Mines, Third Pool, Mononga- 
hela River. 


Four samples from the Mine, No. 75, Fourth Pool, 
River. 
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The West Virginia coals were follows: 


Four samples from New River, Mines Nos. 80, inclusive, 
Fayette Co. 

Three samples from Loup Creek, Mines Nos. 87, inclusive, 
Fayette Co. 

Two samples from Pocahontas, Mines Nos. 140, inclusive, 
McDowell and Mercer counties. 

One sample, Kanawha steam coal from Mine No. 47, 

One sample, Kanawha gas coal from Mine No. 102, Kanawha Co. 

Two samples, Acme coal from Mine No. 24, Kanawha Co.* 

One sample, Keystone coal from Mine No. 23, Kanawha Co.* 

Three samples, Winifrede coal from Mines Nos. 14, 17, and 
19, Kanawha Co. 

Four samples, Thacker coal, Mingo Co. 

One sample, Logan Consolidated Thacker coal, Mingo Co. 

One sample, Maritime Thacker coal, Mingo Co. 

Two samples, Campbell’s Creek coal from Mines Nos. 12, 
inclusive, Kanawha Co. 

One sample, Monongah coal from Mines Nos. inclusive, 
Marion Co. 

One sample, Eagle coal from Mine No. Kanawha Co. 

One sample, Cedar Grove coal from Mine No. 27, Kanawha Co. 

One sample, Mt. Carbon coal from Mines Nos. and 49, 
Fayette Co. 

One sample, Chesapeake coal from Mine No. 36, Kanawha Co. 

One sample, Coalburg coal from Mine No. 21, Kanawha Co. 

Two samples, Belmont Splint coal from Mine No. 32, 


The Ohio coals were follows: 


Two samples, Luhrig coal from Mine No. (Daleton), Athens Co. 
Two samples, Wellston Shaft coal from Mine No. Jackson Co. 


The Kentucky coals were follows: 


Two samples from the Jellico Mines Whitely Co. 


The single sample Tennessee coal was from the Jellico Mines, 
Campbell Co. 

The sketch map (Fig. indicates the geographical location the 
coal fields from which the test samples coal were obtained. 


These coals represent two separate and distinct veins. 
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each instance the samples coal were ordered from the agents 
mine owers quantity sufficient for the preliminary firing the 
boilers and for the 16-hour test which followed, and each agent mine 
owner was required furnish with the sample coal sworn state- 
ment the source and ‘market grade coal supplied. While this 
may not all cases have prevented the substitution coal from one 
mine for that another, put the coal men their honor supply 
the kind and grade coal ordered the city for test purposes. 

The importance these tests Cincinnati will appear when 
known that the City Government alone purchaser over $80 000 
worth coal annually, and the value the entire consumption coal 
for all purposes the city the present time cannot less than 
500 000 per annum. 

The most extensive series physical tests coal under uniform 
conditions, previous these, which the author aware, were 
made for the United States Navy Professor Johnson, 1842 
and 1843. These comprised physical and chemical examinations, and 
calorific determinations the Berthier method, forty-four different 
samples coal. view the very large quantities coal burned 
and water evaporated during each the author’s trials, amusing 
read from Professor Johnson’s report, his description the magni- 
tude these earlier (physical) trials for the Navy: 

total weight coal consumed the trials evaporative 
power has been nearly 62.5 tons, and the weight used average 
978 lbs. per trial. This statement may sufficient indicate that 
the experiments have been made scale unobjectionable the 
score magnitude.” 

Presuming that few members the Society have any knowledge 
these earlier coal tests Professor Johnson, will interesting 
such note that the experiments were conducted with single 
boiler, ft. ins. diameter and ft. long, with two 
return flues the full length the boiler, each 10ins. diameter. The 


support combustion was heated before passed under the grate, 


flues built the side walls the boiler setting, and the gases 
combustion passed from the grate backward under the shell the 
boiler, thence through the flues the front end the boiler, thence 
the rear end the boiler through flue the brickwork the 
left side above the fire line, and thence forward through similar flue 
the right side the setting, the base the brick chimney, set 
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the front end and the right the boiler. The chimney was 
brick ft. high from ground level, with ins. square, and 
sheet iron extension ft. high and ins. diameter. This boiler 
was worked average about 6.25 per square inch above 
atmospheric pressure—the pressure never being less than 
upon two occasions only, during this long series trials, the pressure 
was raised 15.65 and 19.16 respectively. All steam was blown 
through two direct, weighted, safety valves into the atmosphere 
into the chimney. 

Considering the low steam pressures used, and the moderate rate 
evaporation per unit heating surface, the capacity this old- 
style boiler during the coal tests was about Commercial 


the following tables giving the each test, the coals 
have been grouped States, and the several grades each kind 
coal tested are brought together for comparison economic results. 
The favorite grades steam coals are Mine Run and Nut and Slack, 
with extensive use Slack coal for mechanical stokers. The 
prices the coals grade downward from Screened Lump Slack, 
and constantly problem with buyers large quantities coal 
determine which grade given prices will represent the best 
economy. grade coal has its advocates among buyers. 
spite the millions tons graded coals which have been burned 
western river steamboats, stilla matter controversy among 
river men whether Mine Run Screened Lump coal, the prices 
usually charged, the cheaper coal for steam purposes. 

customary when burning low-grade bituminous coals wet 
the coal slightly before charged into the furnace. With many 
such coals, this preliminary wetting causes the smaller particles 
adhere together until sufficiently heated make coke, and prevents 
the usual sifting these particles through the grates into the ash- 
pits with corresponding loss useful effect; and the coal not 
too dirty, often possible this method obtain quite 
economical results with Slack with Nut and Slack coal. Owing 
the difficulty determining just how much water each particular 
kind coal might take without positive injury its efficiency, dur- 
ing these tests, the low-grade coals were always fired without pre- 
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liminary wetting, and from the dealers’ point view, the coal should 
valued without regard subsequent treatment the buyer. The 
coals, therefore, all cases were burned the same condition 
supplied the station the dealers mine owners. 

Previous each trial, 100 lbs. coal was taken from the sample, 
and put into wooden box perforated the top, bottom and sides, 
allow free circulation air around and through the coal, and 
placed one the steam manheads the boilers dry the coal 
and obtain factor for estimation the superficial moisture con- 
tained. the end the test this box and sample was returned the 
and any loss weight was taken the excess moisture 
the coal. The losses estimated this manner ranged from 2%, 
and have been allowed for the item ‘‘Commercially dry coal 
burned.” 

The results given the tables are case supposed indicate 
the best possibilities with these coals. The firemen were perhaps the 
best regularly employed the City Water Department, and carefully 
and faithfully performed their duties during these tests, but 
attempt expert firing was permitted, the men being directed only 
give uniformly good service throughout each and every test. 
extra help was furnished for handling the coal, and whole, the 
results are better than good firemen should obtain steady ser- 
vice from day day, with the same coals. The author regards the 
results obtained this method handling the coal more satis- 
factory the buyers and users coal than those which might have 
been obtained expert firemen with assistants open and close the 
fire doors, and amount labor which men could not maintain day 
after day. 

Referring Tables Nos. 11, inclusive, when the duration 
(1) six instances, was few minutes more less than 
hours, this was occasioned the steam pressure water levels the 
boilers being too high too low, the condition the charges 
coal the grates, which compelled earlier later stopping the 
respective tests. each test attempt was made restore the start- 
ing conditions steam pressures, water levels, fires grates and 
speed pumping engine the expiration hours test, and with 
the exceptions noted, this was gauges 
(2), and thermometers (6), (7), (9), were compared for each test with 
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standard instruments. The temperature the waste gases the 
chimney (4) was taken with Brown hot-blast pyrometer, which was 
adjusted before each test standard mercury thermometer. 

dry coal” (10) means the actual weight coal 
fired the boilers, reduced the amount moisture lost asample 
100 Ibs. carried for hours perforated box top the boilers. 
This does not represent the moisture found chemical analysis the 
coal samples, but the wetness exposure the weather barges 
and railway cars. During the hot, dry weatherof Septem- 
ber, 1897, but few the coals showed any loss when placed the box 
over the boilers. The conditions with reference determining the 
percentage amount dry coal were alike for all coals. The ash, 
clinker and refuse from the ash-pits (11) all instances was weighed 
back dry. 

Coal which fell into the ashes from the firemen’s shovels was picked 
out and burned, and, except during the first three four tests, but 
few pieces unburned partially coked coal were found among the 
ashes. 

The Wellston shaft coal, used during Tests Nos. and 45, made 
very light feathery ash, much which was carried over the bridge 
walls the draught through the fire boxes while the fires were being 
broken and cleaned. 

The water supplied the (13) represents the water 
meter, corrected for error, and reduced weight for observed tem- 
perature feed water (9). The the steam” (15) 
obtained dividing the average thermal value the steam calori- 
meter, the total heat saturated steam the observed pressure. 
This takes into account the heat the entrained water well 
that the saturated steam, and credits the coal with the whole work 
done the boilers; and since these tests were for relative coal effects, 
and not boiler effects, seemed the author entirely proper credit 
each coal with the whole heat accounted for the steam calorimeters. 

The net water converted into steam” (16) the 
boilers (13) multiplied the efficiency the steam” (15). 
the efficiency recognizes small amount heat the en- 
trained the steam (14), the term net water converted into steam 
therefore not strictly correct. 

reducing per pound coal” (17) combustible” 
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(19) from temperature feed,” per pound coal” (18), 
(20), and 212° Fahr.,” the divisor 996 
instead 965.7 was used. The remaining captions will require 
explanation. 

While the physical results from the different coals are properly 
comparable with each other, they are not comparable with the results 
obtained from the same coals under other conditions boilers, fur- 
nace, firemen, etc. (This remark, course, does not apply the 
proximate analyses and determinations thermal value, 
which will referred hereafter.) 

The evaporative results from and 212° Fahr. Test No. (Table 
No. 9), and Tests Nos. 55, inclusive (Table No. 10), have been 
corrected agree with the data Table No. correspond with the 


first forty-nine tests, all which were made prior the careful scal- 
ing the boilers. 
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TABLE No. 


Number test............ 
Date test...... 


steam pressure, 
depth water over fire boxes, ins........... 
draft, gauge chimney, ins.... 
temp. air during test, Fahr................ 
temp. feed water, 
dry coal burned, 
and clinker, weighed back dry, 
non-combustible, 
supplied boilers during test, Ibs........ 
Water entrained the steam, corrected %...... 
water converted into steam, 
per Ib. coal from temp. feed. 
per Ib. coal from and 212° Fahr., Ibs. 
per combustible from temp. feed, 
20/Steam per combustible from and 212° 
per sq. foot heating surface, per hour, 
per sq. foot grate surface, per hour, 
efficiency combustible............... 


CO 
= 


SECOND 


Lump. 


196 
166.09 


Barge Run.|Mine &Slack 


200.00 
5.989 
173 150.484 
0.965 
0.993 
171 938.431 
8.581 


THIRD POOL. 


101 103.109 101.500 
5.480 6.906 6.672 6.211 
0.460 0.371 0.444 0.411 
29.711 29.400 29.360 29.486 
194.780° 194.400° 198.547° 194.105° 
878.00 262.00 469.00 922.00 186.00 
8.685 6.491 7.061 9.004 10.017 
173 561.758 805.181 |172 080.318 
0.965 0.965 0.965 0.965 0.965 
172 421.945 367.826 588.495 |171 |169 882.756 
7.974 8.712 8.295 8.045 7.785 
9.227 8.790 8.521 8.227 
8.732 9.317 8,926 8.841 8.651 
9,241 9,364 9.148 
5.413 5.419 5.391 
16.783 17.960 18.426 
0.826 0.903 0.860 0.834 0,805 
0.858 0.916 0.878 0.869 0.849 


| 
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TABLE No. Coat. 

o 

temp. air during test, Fahr. .... 84.922 71.797 70.141 

per coal from and 212° Fahr., 8.673 8.672 8.735 8.519 8.933 8.452 
per lb. combustible from temp. feed, Ibs. 8.729 8.911 8.927 
per combustible from temp. and 212° Fahr., 9.237 9.344 9.648 9.426 9.426 
per grate surface, per hour, 17.990 18.061 18.482 598 18.468 
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Coats. 


depth water over fire boxes, 

5.671 5.599 5.662 5.498 5.728 5.679 5.548 5.516 
draft, gauge chimney, ins.... 0.496 0.375 0.421 0.468 0.527 0.460 0.443 0.460 

11/Ash and clinker, weighed back 

supplied boilers during 

entrained the steam, cor- 

0.965 0.965 0.965 0.965 0.965 0.965 0.965 0.965 0.965 
the steam, corrected.. 0.993 0.998 0.993 0.998 
water converted into steam, 983.495 868.161 |171 198.752 |174 457.607 321.394 |173 086.513 166 590.274 
per Ib. coal from temp. 

8.657 9.174 9.261 8.958 8.279 8.308 9.408 8.904 
per coal from and 

9.186 9.707 9.834 9.572 10.215 8.759 8.776 9.958 
per combustible from 

9.310 9.586 9.363 8.630 8.719 10.017 9.575 

and 212° Fahr., Ibs 9.879 10.148 10.771 10.005 9.130 9.216 
per sq. foot heating sur- 

per sq. foot grate surface, 

efficiency coal.......... 0.899 0.950 0.937 1.000 0.857 0.859 0.922 
efficiency combustible.. 0.917 1,000 0.929 0.987 0.848 0.856 0.984 0.941 


| 
| 
: 


KANAWHA KANAWHA 
Lump. Mine Run. Mine Run. Lump. Mine Run. |Nut& Slack 
water over fire boxes, 6.856 5.629 5.682 5.668 5.565 5.399 
gauge chimney, 0.406 0.392 0.488 0.487 0.487 0.445 
14| Water entrained the steam, corrected, %..... 0.965 0.965 0.965 0.965 965 
water converted into steam, 883.351 972.973 718.250 |175 133.886 299.591 919.876 998.585 |174 
per coal from. temp. feed, 8.078 9.027 8.579 8.305 8.119 
9.280 8.620 9.566 9.066 8.818 9.211 8.591 8.341 
per lb. combustible from and 212° 
per sq. ft. heating surface, per hour, 
per sq. ft. grate surface, per hour, 16.914 17.628 18.118 17.041 18.181 19.144 
Relative iciency 0.908 0.844 0.936 0.887 0.863 0.902 0.841 0.816 
efficiency combustible.............. 0.915 0.946 0.922 0.899 0.920 0.846 0.890 
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COT 


depth water over fire boxes, ins......... 
temp. waste gases, 
draft, gauge chimney, ins......... 
temp. air during test, Fahr............. 
temp. feed water, 
Commercially dry coal burned, 
Ash and clinker, weighed back dry, 
Water supplied boilers during test, 
Water entrained the steam, corrected 
Efficiency the steam, corrected............. 
Net water converted into steam, 
Steam per coal from temp. feed, 
per lb. coalfrom and 212° 

Steam combustible from temp. 
Steam per lb. combustible from and 212° 
(Corrected).... 

Steam per sq.ft. heating surface, per hr., Ibs. 
(Corrected).... 


per sq. ft. grate surface, per lbs. 


Relative efficiency combustible............ 


Lump. Mine Run.| Mine Run. |Nut &Slack 


Nov. 22, Oct. 11. Dec. 15, 
5.663 5.431 5.266 
0.458 0,421 0.452 
2.726° 4.836° 
29.187 29.417 29.808 
028.00 464.00 145.00 174.00 
5.467 10.704 
169 077.820 |179 581.271 |176 216.941 119.744 
0.965 0.965 0.965 0.965 
0.998 0.993 
167 |178 824.202 |174 988.422 893.906 
8.929 8.883 9.179 8.562 
9.464 9.040 
(9.521) 
9.445 9.582 9.766 9.588 
10.011 10.132 10.357 10.124 
(10.129) 
5.441 5.599 5.605 5.460 
(5.482) 
16.756 17.829 16.677 17.533 
0.926 0,919 0.982 0.885 
0.929 0.941 0.940 0.940 


Cons. 


Mine Run. 


MARITIME 
THACKER. 


Mine Run. 


hrs. 


CAMPBELL’s CREEK. 


Mine Run. |Nut &Slack 


Oct. 


hrs. 
101.836 


0.993 
174 104.618 
8.438 


8.924 


9,133 
9.659 
5.466 
17.812 


0.874 
0.897 


hrs. 
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- 
TABLE No. Coats. 
Kind coal EAGLE CEDAR Mr. CHESA- BELMONT SPLINT 
Grade Mine Mine Mine Mine Run. Mine Run. Mine Run. Mine Run. |Nut& Slack 
steam pressure, 97.949 99.254 100.308 100.441 102.004 
depth water over fire boxes, ins..... 5.736 5.551 5.478 5.701 5.672 5.744 5.719 
temp. waste gases, 548.984° 531.094° 549.844° 539.690° 551.484° 570.781° 
draft, gauge chimney, ins............ 0.424 0.390 0.458 0.458 0.458 0.454 0.495 0.462 
barometer 29.875 29.788 29.651 29.709 29.841 29.801 29.441 
and clinker weighed back dry, 375.00 622.00 331.00 075.00 376.00 661.00 722.00 
non-combustible, 6.714 8.401 4.829 6.838 5.477 12.089 
Water supplied boilers during test, 602.293 |169 779.607 |168 968.583 |167 985.900 036.184 |176 043.283 437.084 
entrained the steam, corrected %....... 0.965 0.965 0.965 0.965 0.965 0.965 0.965 0.965 
the steam, 0.993 0.998 0.993 0.993 0.993 0,993 0.998 
Net water converted into steam, 725.717 |169 403.077 591.150 785.803 |166 809.999 |164 873.981 |174 810.980 216.024 
per coal from temp. feed, Ibs..... 8.434 9.066 8.620 8.499 8.452 8.256 7.693 
per Ib. coal from and 212° Fahr., 8.939 9.248 9.576 9.121 9.014 8.989 8.730 8.152 
(Corrected).... (9.044) (9.365) (8.920) (8.816) (8.742) 
per combustible from temp. feed, 
9.041 9.579 9.527 9.094 8.959 8.751 
per lb. combustible from and 212° 
9.582 10.096 10.062 9.536 9.618 9.485 
(9.874) (9.841) (9.576) (9.326) (9.406) 
per sq. foot heating surface, per hr., lbs. 5.319 5.268 5.176 5.488 
per sq. foot grate surface, per hr., 17.679 16.667 16.052 16.802 16.942 19.437 
efficiency Coal 0.875 0.885 0.917 0.863 0.856 0.855 0.799 
efficiency combustible................ 0.890 0.914 0.889 0.881 
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TABLE No. Kentucky TENNESSEE COALS. 


depth water over fire boxes, ins ......... 5.676 5.588 5.689 5.521 5.830 

and clinker weighed back dry, 611.00 255.00 680.00 441.00 662.00 
12| Percentage non-combustible, 6.941 5.114 2.989 4.703 10.540 8.130 

supplied boilers during test, 327.338 140.303 685.354 |169 160.625 ||175 270.734 901.457 

Water entrained the steam, correcte 0.965 0.965 0.965 0.965 

the steam, corrected.............. 0.993 0.998 0.993 0.993 0.993 0.993 0.993 

16|Net water converted into steam, 121.047 949.321 490.556 |169 976.501 695.068 071.839 670.14 

per Ib. coal from temp. feed, 6.884 7.617 7.156 7.344 8.260 

per Ib. coal from and 212°, 9.820 8.053 7.570 9.115 8.719 
per combustible from temp. feed, Ibs....... 7.509 8.912 8.209 8.527 

per combustible from and 212° Fahr., lbs... 8.404 7.667 8.301 9.431 8.695 9.001 
per sq. foot heating surface, per hour, 5.373 5.321 5.274 5.485 5.340 5.484 
per sq. foot grate surface, per hour, 21.186 19.209 17.509 19.991 
Relative 0.765 0.712 0.788 0.741 0.892 0.761 0.853 
24| Relative efficiency 0.780 0.712 0.876 0.807 0.836 
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The relative efficiency the several coals, coal (23), and 
combustible (24) are based upon the highest evaporation obtained dur- 
ing the tests per pound coal combustible from and 212° Fahr. 
standards, and the factors for multiplying the prices which several 
coals may offered are, course, the reciprocals these efficiencies. 
thus, the coals mentioned Table No. were offered the prices 
per ton annexed, then column contains the deduced prices, obtained 
the manner described. 


TABLE No. 12. 


Deduced price 
Dealers’ price 

Kind coal. for comparison 
per ton. bids. 


Pittsburg, Brown, Second Pool, Mine Run 


$1.50 $1.82 
Pittsburg, Catsburg, Third Pool, Mine Run............ 2.10 
Pittsburg, Woods, Fourth Pool, Mine Run............ 1.60 


Upon these prices, New River coal would offered the lowest 
cost the steam user. 

The reciprocals the efficiencies based coal also show how 
much more than the standard will required any the coals 

The economic and capacity results the Pennsylvania coals are 
shown Table No. 13. 

The relative values the grades Second Pool coal noted the 
table, from the dealers’ point view, are about follows: 


The grades coal show differences value the buyer steam 
user follows: 


| 
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TABLE No. 13.—Economic anp witH PENNSYL- 
VANIA COALS. 


STEAM FROM AND 


per 
foot 
3 Kind of 1 foot of 
ind coal. Per Per heating grate 
pound surface 
Brow Second Pool, Lump....... 9.004 5.397 17.408 
Barge Run.. 9.064 5.398 17.297 
Slack...... 8.439 5.413 18.666 
Pittsburg, Catsburg, Third Pool, Lump..... 9.227 9.868 5.317 16.783 
Barge 9.459 5.419 17.960 
Mine Run. 8.521 9.364 5.391 
Slack 8.227 9.148 
Pittsburg, Cincinnati, Third Pool, Mine Run| 5.362 17.990 
and 
8.672 9.344 5.391 18.061 
Pittsburg, Woods, Pool, Lump...... 9.648 17.875 
Barge Run.| 8.519 9.426 5.398 18.432 


5.377 18.468 


With this coal appeared that there was superiority Lump 
over Barge Run coal, while Mine Run and Nut and Slack were less than 
inferior economy Lump coal; and Nut and Slack coal for 
steam purposes, the prices usually asked, was superior Lump coal 
while one dollar’s worth Second Pool, Lump coal fur- 
nished 290 lbs. steam, one dollar’s worth Nut and Slack coal 
furnished 983 Ibs. steam, and one dollar’s worth Mine Run coal 
furnished 232 steam. 

The Third Pool coals, for the different grades, have the 
relative mean values: 


The Fourth Pool coals have the following values for the different 
grades: 
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TABLE No. 14.—Economic anp RESULTS WITH WEST 


STEAM FROM AND 


square 
No. Kind coal. Per Per heating grate 
pound surface 
Pounds. Pounds. Pounds. Pounds. 
River, 9.186 9.879 5.400 17.149 
9.57 10.005 5.477 16.811 
Creek, 10.215 5.567 15.887 
Mine Runt......... 8.759 9.130 18.048 
Pocahontas, 9.958 10.608 15.645 
9.423 10.133 5.262 16.247 
Kanawha, 9.280 9.943 16.914 
8.620 9.854 5.340 18.262 
8.591 9.110 5.369 18.181 
Nut and Slack 9.040 10.124 5.460 
Consolidated, Thacker, Mine 9.158 9.804 16.944 
46....|Maritime, Thacker, Mine 9.679 5.458 17.137 
Campbell’ Creek, 8.924 9.659 5.466 17.812 
Nut and Slack.......... 8.689 5.364 19.744 
Grove, Mine 9.865 9.841 5.177 16.052 
Carbon, Mine 8.920 9.576 5.152 
54....|Chesapeake, Mine Run............ 8.816 5.122 16.942 
8.742 9.406 5.062 16.889 
Nut and 8.152 9.273 19.437 


From the MacDonald Mine. 
From the Dunn Loup Mine. 


examination these figures shows two things: 


First.—That the opinion hitherto generally accepted Second 
Pool, Monongahela River coal being markedly superior the coals 
obtained from the newer Pittsburg mines farther the river, not 
sustained the results these tests. 

Second.—That the prices usually asked for the higher grades 
these coals are not warranted for steam purposes; that Mine Run and 
Nut and Slack coals far the most economical coals, and that they 
can sold upon narrower discounts from Lump coal prices and still 
the most profitable buyers steam coals. 
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Referring briefly the economic results per pound combustible, 
will noticed that there greater uniformity among all these coals 
the steam per pound combustible, without regard the mines 
grades, than the steam per pound coal, and this naturally 
due the fact that the lower grades contain just good coal Lump, 
but carry more waste matter from the slate and stone loosened min- 
ing from the roof and floor the galleries, which Lump coal pre- 
sumed removed when run over the screen the mouth the 
mine, and the use finer screens often goes into the cargoes 
low-grade coals, and purchased much coal the buyer. 
Assuming more non-combustible matter the Mine Run than 
the Lump coal, such coal for steam purposes should always equal 
Lump, provided the grates upon which burned are suitable 
retain the smaller and finer particles until coking occurs, the 
non-coking coals, until combustion completed. 

review the Pittsburg coals indicates that they should rated 
equal quality, whether obtained from the older mines the 
Second Pool from the newer mines the Fourth Pool. 

The economic and capacity results the West Virginia coals are 
shown Table No. 14. 

The economic and capacity results the Ohio, Kentucky and 
Tennessee coals are shown Table No. 15. 


TABLE No. 15.—Economic anp Capactty 
TUCKY AND TENNESSEE COALS. 


STEAM FROM AND 


212° Steam per Coal per 
oot 
No. Kind coal. und pound per surface per 
tible. 
Pounds. Pounds. Pounds. Pounds. 
Washed Egg.... 8.404 20.037 
Washed Slack.... 7.667 21.186 
|Wellston Shaft, Mine Run...... 8.053 8.301 5.321 19.209 
Shaft, Nut and Slack.. 5.274 20.265 
|Jellico, Mine Run......... 115 5.485 17.509 
|Jellico, Nut and Slack....... 8.695 5.340 19.991 
TENNESSEE COAL. 
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hasty glance the table economic results obtained with the 
West Virginia coals will show that nearly all the samples should 
ranked higher than the Pittsburg coals. Thus the average weight 
steam per pound coal for all the Pittsburg coals was 8.69 
economy which reached excelled all except five samples 
West Virginia coals. Heretofore, the western river markets, Pitts- 
burg coal from the Second Pool has been the accepted standard, and 
for years prices and guarantees have been based this coal. 

Considering Pittsburg coal the standard for steam purposes 
the western river markets, all but five the West Virginia coals ex- 
ceed the average the Pittsburg coals steam per pound coal and 
per pound combustible. Belmont Splint, Winifrede, Campbell’s 
Creek, Kanawha Gas, and the Loup Creek low-grade coals are the only 
kinds grades that fall below the Pittsburg coals. the West Vir- 
ginia coals, several, like New River, Pocahontas, Loup Creek (from the 
MacDonald Mine), Acme, Thacker, Cedar Grove and Kanawha Steam, 
are peculiarly good quality. 

Grouping the West Virginia coals two classes, which the 
first contains coals distinctly superior Pittsburg, and the second all 
other coals tested, the average performance for the coals each 
these classes shown Table No. 16. 


TABLE No. 16. 


STEAM FROM AND 212° 


Samples coals. 
Per pound coal. Per pound com- 


ounds. bustible. Pounds. 
Pittsburg coals 8.69 9.46 


First-class, West Virginia coals: 

New River, Loup Creek (MacDonald 
Mine), Pocahontas, Kanawha Steam, 
Acme, Thacker, and Cedar Grove coals 

Second-class, West Virginia coals: 

Loup Creek (Dunn Loup Mine), Kanawha 
Gas, Keystone, Winifrede, Logan Con- 
solidated Thacker, Maritime Thacker, 
Creek, Monongah, Eagle, 
Mt. Carbon, Chesapeake, Coalburg and 
Belmont Splint coals 8.76 9.49 


referring the proximate analyses and calorific tests the 
seven coals grouped the first class, will noticed that the com- 
position the combustible matter varies widely, while the heating 
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powers combustible and practical performance are sufficiently near 
together suggest coals like character. 


TABLE No. 17. 


Steam per pound 
Sample coal. per pound conibustible 
combustible. (averages). 
Loup Creek (MacDonald 336 10.63 


From the proximate analyses these coals, the averages fixed 
carbon and volatile matter are follows: 


Sample coal. Fixed carbon. Volatile matter. 
New River, Loup Creek and Pocahontas.......... 18.85 
Kanawha Steam, Acme and Thacker.............. 64.72 31,37 


Referring the Ohio, Kentucky and Tennessee coals tested, 
apparent that for steam purposes these coals are not equal the 
West Virginia and Pittsburg coals. (An exception should made 
the Jellico, Ky., coal, which compares favorably with the second- 
class, West Virginia coals. 

The diagrams (Figs. inclusive) show the relation the dif- 
ferent coals each group and grade. The vertical scale represents 
pounds, and the horizontal scale the different coals. The solid circles 
connected lines the top the diagrams indicate (to scale) the 
average weights coal samples burned per square foot grate sur- 
face per hour. The second series circles connected lines indi- 
the steam per pound combustible; and the third series 
connected lines indicates the steam per pound coal, 
‘both from and 212° Fahr. The lower solid circles and lines indi- 
cate the steam pounds per square foot heating surface per hour. 
‘The reasonable uniformity the work done during each test all 
coals will noticed upon reference the several diagrams. 

quite possible that the boilers used these tests were not the 
best for all the coals tested, and that some kinds and grades coal 


i 
| 
4 | 


Scale Pounds 


HILL TESTS STEAM COALS. 


West Virginia Coals. 


NEW RIVER. Loup creek 


-Mine 
Run, 


179 


| 
4 
| 
13 


180 HILL TESTS STEAM COALS. [Papers. 


suffered accordingly; but that condition which perhaps will 
always found true, for form boiler and furnace can equally 
well adapted every variety bituminous coal, nor could changes 
made the boiler and furnace, and the mode firing, for dif- 
ferent kinds coal, without raising suspicion the investigator’s 
mind that doing would favoring one coal the expense 
another. 

The Galloway boilers have elsewhere been reported upon very 
favorably when worked with bituminous coal, results being attributed 
them with what the author finds inferior coals, which con- 
siderably exceed the performance any ccal tested during this in- 
vestigation, but doubtless such results were obtained under conditions 
which cannot had the daily operation steam boilers with ordi- 
nary firemen. 

These boilers were originally set with 960 sq. heating surface 
and 199 sq. ft. super-heating surface, total combined heating and 
super-heating surface 159 sq. ft. for each boiler. The grate sur- 
face, course, was the same during the author’s trials, but the 
chimney was originally 150 ft. high and the same section during 
the later tests. The report the contract trial upon which the 
boilers were accepted the city contains the following data: 


Temperature feed water. 193.70° Fahr. 
Temperature waste gases flue leading 


Super-heat, expressed percentage gain heat units 

above saturated steam (no data given).............. 11.03% 
Total steam from and 212° Fahr............... 377.00 lbs. 
Steam per pound dry coal from and 212° Ibs. 


The coal for the contract trial stated Pittsburg Nut, 
ing 10.3% ash, etc., and over 34% moisture. These percentages 
are much larger than found the author for any kind grade 
Pittsburg coal. The coal was burned the rate 19.05 lbs. per square 

Obtained melting zinc. 
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foot grate surface per hour, and steam was made the rate 8.03 
from and 212° Fahr. per square foot water-heating surface 
per hour. The principal differences between the conditions for the 
contract trial, and those for the coal tests the author, were the 
setting the boilers and the height the chimney, with the com- 
plete loss super-heating surface for the later trials, which appar- 
ently alone made the efficiency the steam 11.73% better for this 
earlier trial. 

The author has record the methods pursued, and means 
checking the results the contract trial, but would interesting 
know how the very high percentage super-heat was obtained with 
boiler setting which within his experience has seldom shown above 
few degrees super-heat, and generally expected the builders 
only secure dry steam, and further how the largely increased capacity 
was obtained. During the author’s tests the boilers were supposed 
doing the best possible work, with economic rate coal con- 
sumption per square foot grate surface per hour. there was error 
reporting the contract trial, would seem either the weight 
water credited the boiler, the quality steam made, both. 
The rate coal consumption compares fairly well with the rates used 
during the author’s coal tests. 

all instances the coals were used with care, and the furnace 
conditions were such as, the author’s opinion, would give the coal 
under trial fair rating. One circumstance, however, seemed 
militate against all coals, the very high temperature the 
gases, which suggested times that the coals were being 
burned too high rate per unit grate surface, that the ratio 
grate and heating surface was not The 
peratures hot gas were obtained during the earlier tests, and this 
was then thought have been due the fireman’s lack previous 
perience with these boilers, but singularly enough some the high 
temperatures the chimney were accompanied better economies 
than when the same coals were tried with lower temperatures waste 
gases. referring the abstract from the reported results the 
contract trial, seems that the waste gases entered the chimney then 
very high temperature, nutwithstanding the unusual economic re- 
sults obtained. 


During the first tests there was regulation the flow air 
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the ash-pits, and comparison coals like kinds tried before and after 
the quantity air the ash-pits was placed under control, indicates 
one example gain, and the other slight loss the change. 


TABLE No. 18-—Comparison COALS TRIED BEFORE AND AFTER 
REGULATION AIR ASHPITS. 


STEAM FROM AND 212° 


Temperature 
Number. Kind coal. Per pound Per pound 
coal, combustible. 
Pounds. Pounds. Fahr. 
New River Mine 9.834 10.771 631.3 
Loup Creek, Mine Run....... 8.759 718.8 
New River, Mine Run..... 9.572 10.005 521.7 
New River, Lump............. 9.186 9.879 622.6 
New River, Lump...... 9.707 10.148 606.5 


CALORIMETRIC DETERMINATIONS HEATING COALS. 


Before preceding this branch the investigation, careful study 
was made several modern forms coal calorimeter, and, after 
weighing the advantages and disadvantages each, the author de- 
cided use the instrument devised Professor Carpenter, 
Cornell University, the accuracy which, after observing due pre- 
cautions its use, depends upon, the assumption that equal incre- 
ments heat produce corresponding dilatations the water the 
instrument, and that the heat value for pure carbon has been de- 
termined. The instrument was accompanied diagram, which 
gave the manufacturer’s calibration and value for each inch rise 
the scale. 

burning the instrument successive weights pure carbon, 
obtained coking recrystallized sugar, the value heat units 
in. the scale the water column was obtained, and multiply- 
ing this the rise inches and dividing the weight fuel 
burned fraction pound, the heat units per pound coal 
coke sample were obtained. The construction and use this form 
coal calorimeter fully described paper Professor Car- 
penter.* 


Transactions, E., Vol. xvi, 1895. 
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The value pure carbon burning without residue, determined 
Berthelot, 652 per pound,* while two samples 
pure carbon, burning without residue the crucible, gave during 
the author’s tests mean 646 when measured the heat scale 
supplied with the Carpenter instrument. 

The preliminary tests with coke from sugar were carefully repeated 
with trifling variations the results, and, accepting the value pure 
carbon determined Berthelot, then in. rise the water column 
equals 7.15 U.; e., this amount heat added the water 
the instrument caused the column the glass tube rise in. 
Generally, 1.5 grams coal were burned the calorimeter, but 
check the work gram and grams were sometimes used. 

The sample coal for the calorimeter was weighed analyti- 
cal balance, turning mgr., thin asbestos crucibles about 
in. diameter and in. deep. These crucibles were subjected 
prolonged heat over Bunsen burner remove any combustible 
matter, and cooled room temperature desiccator before each 
determination. 

Sample determinations with this calorimeter are given below: 

Pure Carbon from Sugar.—1.5 grams. Scale reading 6.74 ins. 


6.74 7.15 


Harvey Foundry Coke.—1.411 grams. Scale reading 6.15 ins. 
6.15 7.15 


B. Uz. — ~9.00311 = 13 871 
New River, Mine Run, Coal.—1.5 grams. Scale reading 7.02 ins. 
7.02 7.15 


The Carpenter instrument, which improved form the earlier 
Thompson Gas Calorimeter, really very large thermometer; the 
fuel being burned the bulb, and all heat being absorbed the 
fluid lost radiation. Combustion takes place the presence 
pure oxygen under pressure ins. water. The heat absorbed 
accounted for the expansion the fluid the vertical glass tube, 
while that lost radiation measured the contraction the 
column fluid during interval time equal the time required 
for the combustion the coal sample. The expansion and contrac- 
tion are measured inches vertical scale placed behind the glass 
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tube. The bulb the instrument contained slightly less than lbs. 
water 60° Fahr. 

The precautions observed the use this calorimeter are 
few and easily complied with: 

First.—Distilled water, absolutely free from air, should used. 
This the author obtained first gently boiling the water separate 
vessel placed over Bunsen gas-burner, and then introducing 
high temperature into the calorimeter bulb. While cooling nearly 
room temperature the bulb was held cause any air which may 
have been trapped whiie filling, seek the stuffing-box outlet. 
prevent reabsorption air from the atmosphere while working with 
the calorimeter, column coal oil ins. high was run into the glass 
tube top the water. 

Second.—At the beginning each experiment, the temperature 
the calorimeter and water must sensibly higher than room tempera- 
ture avoid transfer heat from the atmosphere the water, and the 
instrument must rigidly protected from all drafts the room while 
the experiment being conducted. 

Third.—The exit orifice for the waste gases must kept clear 
all residual matters which may come over and deposited from them. 
With perfect combustion there should residuals the waste 
gases; but essential good work with this instrument that the gas 
orifice frequently opened with fine brass wire, for with continued 
use some manner this very small opening (about the size fine 
cambric needle) becomes clogged. (It possible that the sulphuric 
acid the waste gases may havea corrosive effect the metal sur- 
rounding the exit orifice, with formation sulphate copper. 

Fourth.—The time required burn the sample coal should 
noted seconds, and the same length time allowed for loss heat 
radiation after combustion. 

Many preliminary tests with this instrument foundry coke and 
pure carbon indicated accuracy measurement which the com 
parative determination the heat values these coals should all 
sufficient. 

Table No. are given the averages several determinations 
the calorific values the different coals subjected 


physical tests, together with comparison the ash calorimeter, 
and chemical analysis: 
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TABLE No. Power Coats THERMAL 


Units. 
Test Kind coal Ash Ash 
numbers. pound calorimeter. analysis. 
coal. 
PENNSYLVANIA (PITTSBURG) 

Pittsburg, Brown, Second Pool......... 5.77 
Catisburg, Third Pool....... 446 5.46 5.50 

Cincinnati, Third 247 4.64 4.05 
Woods, Fourth Pool........ 316 5.66 5.60 

1-31-35-49,., (new sample)..... oe 15 163 2.87 2.40 
20-21-27... (new 975 1.20 0.95 

Logan Consolidated Thacker........... 245 3.85 

Campbell’s Creek....... 180 2.90 

CoALs. 
COALS. 
TENNESSEE COAL. 


The ash, both calorimeter and analysis, mean several de- 
terminations, and, when, the two methods examination, the 
percentages ash fail agree, must charged lack uni- 
formity the samples. This variation percentage ash coals 
from the same source well known,* and indicates, might sup- 
posed, that Nature forming the coal did not follow exact synthesis. 

Some writers have recently stated the thermal values certain 
coals the net combustible, leaving out consideration the ash and 
moisture, which are constant constituents all coals purchased for 
use. The propriety this, excepting for comparison effects 
different combinations carbon, hydrogen and oxygen the coal, 


The Calorific Value Certain etc., Lord and Haas, Loc. cit., and 
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may questioned. Thus, when the constituents the combustible are 
alike, nearly alike, two more coals, and the are sub- 
stantially different, such comparison furnishes very interesting 
information; but when the thermal values agree very well for different 
coals like composition, mistake neglect properties which 
are certain found all coals every nature. Neither does 
furnish information consumer coal, who compelled 
make his purchases and estimate economy with the ash and moisture 
included. 

connection with the heat the coals tested the 
author, Table No. 20, comparing some these with results obtained 
other investigators the same coals, may interest. this 
table the data attributed Professor Carpenter were obtained with 
instrument the same kind that used the author.* The 
data credited Mr. Barrus were obtained from improved form 
and mode using the Thompson The data credited 
Lord and Haas were obtained with Mahler bomb 
while those credited Messrs. Hale and Williams were 
obtained with bomb calorimeter the Berthelot 

With reference the samples coal tested for calorific power 
the author, proper state that all the samples were the office 
for from two weeks eight months previous making the calorimetric 
determinations, and although excluded from dust, the packages were 
open free access air, and some the volatile matter may have been 
lost under the influence room temperature. ascertain the probable 
effect keeping the coals under this condition, tests old and new 
samples New River, Loup Creek and Pocahontas coals were made, 
with the result each instance, higher calorific power the new 
when compared with the old samples. Upon the contrary, the recent 
experiments Messrs. Hale and Williams, Boston, indicate that two 
the coals mentioned (New River and Pocahontas) were not im- 
paired heating power exposure weathering. With this differ- 
ence, however, that exposure the author’s tests was limited the 
air circulating room, while Messrs. Hale and Williams’ ex- 
periments the samples coal were really exposed the weather for 
eleven months. 


Transactions, E., Vol. xvi, 1895. 
Transactions, E., Vol. xiv, 1893. 
Transactions, Am. Inst. Mining Engrs., 1897. 
Transactions, E., Vol. xx, 1899. 
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More than years ago the author made some experiments under 
steam boilers with weathered and freshly mined Pittsburg coal, with 


the result that the freshly mined coal gave the higher amount 


steam per pound coal. The data these early trials not having 


been permanently recorded, the percentage gain the freshly mined 


over-weathered coal cannot now stated, but the difference was quite 
material. 


TABLE No. DETERMINATIONS. 


Heat units Mode 
coal. per pound Authority. 
coal. Determination. 
14.048 (old) 
975 Analysis. Hale and Williams. 
18 955 
{ 14 020 \ Lord and Haas. 
18 
446 
13 414 
Luhrig Calorimeter. Author. 
Wellston 
Hocking Valley Lord and Haas. 


Professor Johnson attempted deduce the calorific values the 
coals which came under his observation from the formulas Des- 
pretz and Dulong* (the then prevailing expressions for the total heat- 
ing power coal), and also relate the total heat value that 
pure carbon the method Berthier, which consists reducing the 
lead from litharge combustion known weight coal cru- 
cible the presence excess the oxide lead. The amount 


Report the Navy Department the United States, American Coals, Pro- 
fessor Walter Johnson, 500. 
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TABLE No. WITH Harvey Gas 
AND CARBON FROM RECRYSTALLIZED SUGAR. 


Sample. grams. com- 
bustible. 


metallic lead found, after combustion, button the crucible, 
being weighed and related the weight coal consumed, and the 
total calorific power the combustible obtained proportion from 
the amounts lead reduced the given combustible, and pure 
carbon. 

According Berthier pure carbon was capable reducing thirty- 
four times its weight lead*, and multiplying the weight lead 
reduced the calorific value pure carbon divided 34, the ther- 
mal value the combustible matter any given coal may de- 
termined. Professor Johnson used grains (about grams) 
powdered coal sample for his litharge tests. Mr. Emery has suggested 
that this test Berthier for determination the power 
coals reason its simplicity and readiness application might 
revived 

Professor Johnson made many deductions from his chemical notes 
show that the percentage fixed carbon the combustible was 
direct measure the heating power, and that, the ratio carbon 
volatile matter diminished, the calorific power the coal also dimin- 
ished. While this generally true, now well known that the 
anthracite coals, high fixed carbon and low volatile matter, are 
not possessed the highest heating powers, nor have they shown the 
high efficiency the smokeless West Virginia the Cumberland 
coals when submitted physical tests. 


*Ibid., 106. 
Loc. cit., 30. 
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TABLE No. 


Source. How determined. Authority. 
bustible. 

George’s Bomb Calorimeter....... Hale and Williams, 1899. 
(maximum |Thompson 1893. 

Atkinson and Templeman. 954 

Easby and Smith........... 021 


Upon the other hand, the litharge test, Professor Johnson found 
for Lackawanna anthracite coals 14432 per pound combusti- 
ble, which much nearer some the late determinations than the re- 
sults obtained this method Cumberland coals. For thirteen 
samples anthracite coal tested Professor Carpenter*, found 
with his calorimeter for Drifton coal per pound com- 
bustible, and from eleven samples anthracite coal tested Mr. Bar- 
bustible, results quite near that obtained for Lackawanna coal the 
Berthier test fifty-six years ago Professor Johnson. Parallel coals 
not having been tested during the earlier and later trials, better com- 
parisons cannot made, but from the limited data which are all 
comparable, the suggestion arises that the Berthier method may 
defective when applied coals high volatile matter, possibly 
reason incomplete imperfect combustion the hydro-carbons. 


When applied carbons, and coals high carbon, seems that the 
method may give reliable results. 


EFFICIENCIES THE COALS. 


The relation the heat accounted for the steam the total 
heating powers the several coals tested given Table No. 23. 
The difference between this fraction and unity, represents the losses 
heat chimney draft, evaporation moisture the atmosphere 
and coal, rendered latent the gases combustion and the heat 


Loc. cit., 17. 
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losses radiation and conduction. Notes sufficient divide 
the gross loss into the detailed losses were not taken, nor with the 
object which these tests had view was necessary, because the 
boiler, furnace and chimney conditions were alike for all coals. Excep- 
tions should made the moisture the atmosphere, for which 
neither coal nor boilers should held but this the 


author’s previous experience has never exceeded the total heat 
combustion. 


ANALYSES COALS. 


The notes the proximate analyses these coals (Table No. 24) 
are means three five determinations for each sample. these 
tests the sample powdered coal was carefully dried 105° Cent. for 
one hour, and then re-weighed for loss moisture. The first few 
samples were then returned the gas oven for fifteen twenty min- 
utes ascertain the additional exposure the dry heat produced 
further loss weight due moisture. The early tests demon- 
strated that one hour was sufficient expel the moisture from the 
samples, and all the after determinations were made upon this time 
exposure dry heat. covered porcelain crucible 
was then exposed the naked flame Bunsen burner until 
ceased give off gas the edge the cover. The crucible, without 
cooling, was then held over blast lamp white heat for three min- 
utes, expel the small amount matter which remained 
after the gas flame was extinguished. The crucible and contents were 
then cooled desiccator and weighed for the loss weight 
sample volatile matter. The fixed carbon remaining the cruci- 
ble was then burned constant weight current oxygen over 
Bunsen burner, after which operation the crucible was again cooled 
the desiccator and weighed for loss due the fixed carbon. The 
between the last weighing and weight crucible repre- 
sented the ash non-combustible the sample. determinations 
for sulphur the combustible phosphorus the ash were made, 
partly because lack significance these elements steam coals, 
and partly for lack time, the city officials desiring the the 
work early date use connection with the annual contract 
for city coals. 


The samples for proximate analysis and for the calorimetric deter- 
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EFFICIENCY 


Coal. Combustible. 


PENNSYLVANIA COALS. 


Brown, Second Pool, 0.6500 0.6406 
Mine Run....... 0.6081 0.6214 
Catsburg, Third Pool, Lump...... 0.6629 0.6658 
Mine Run........ 0.6122 0.6318 
Nut and 0.5910 0.6169 
Nut and Slack....... 0.6824 0.6431 
Woods, Fourth Pool, Lump...... 0.6337 0.6557 
Barge Run..... 0.6180 0.6406 
Mine Run............ 0.5650 0.5751 
Keystone, Mine Run....... 0.6162 0.6058 
Mine Run..... 0.5881 0.5989 
Consolidated Thacker, Mine 0.6210 0.6327 
46....|Maritime Thacker, Mine 0.6335 0.6230 
Nut and Slack....... 0.5381 0.567 
36....|Monongah, Mine Run........ 0.6062 0.6162 
55....|Coalburg. Mine 0.6128 0.6187 
Belmont Splint, Mine Run.......... 0.6513 0.6909 
Nut and Slack.............. 0.6081 0.6754 
Coats. 
TENNESSEE 
q 


| 
e, : 
neg 
4 F 


194 HILL TESTS STEAM COALS. [Papers. 


minations were obtained the customary method quartering from 
several pounds the small weights finally used. was believed that 
all the samples excepting the fresh samples New River (1), Pocahontas 
(26), Loup Creek (27), Eagle (51), Cedar Grove (52), Mt. Carbon (53), 
Chesapeake (54) and Coalburg (55), had lost volatile matter during 
the interval time which elapsed between the collection the sample 
from the lot test coal fired under the boilers, and the tests for mois- 
ture and combustible matter, and for heating power; but careful con- 
sideration the proximate analyses the old and new samples New 
River, Loup Creek and Pocahontas coals, suggest that this may not 
generally have been true. 


TABLE No. ANALYSES TESTED THE 


Specific Volatile Fixed 
Sample coal. gravity. Moisture. matter. Ash 
PENNSYLVANIA COALS. 
Pittsburg, Brown, Second Pool............ 68.15 3.75 
Catsburg, Third Pool..... 1,291 60.70 5.50 
Cincinnati, Third 0.98 61.60 4.05 
Woods, Fourth Pool............ 1,292 0.65 61.80 
VIRGINIA COALS. 
New River 0.50 17.85 80.20 1.45 
new sample).......... 0.90 18.60 78.10 2.40 
(new 1.275 1.15 19.15 0.95 
Winifrede.......... eee 1.05 32.40 63.70 | 2.85 
Logan Consolidated Thacker.......... 0.70 32.60 62.85 
Creek.. 1.278 0.95 88.00 58.15 2.90 
Cedar Grove.......... 1,308 0.92 35.35 60.26 3.47 

TENNESSEE COAL. 


(The above determinations were made Mr. Henry Hill.) 
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Percentage Fixed Carbon the Net 


i 5 5 


net combustible. 


LORD HAAS, 
HALE WILLIAMS, 


British Units, 


per poun 
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ANALYSIS. 


Mr. William Kent has given table the proximate heating 
values coals deduced from Mahler’s experimental data.* this 
coals, having previously determined percentages fixed carbon 
the net combustible. The figures this table have been plotted 
co-ordinates the diagram (Fig. and connected smooth 
curve. Upon the diagram the heat values obtained the author 
with the Carpenter calorimeter, together with the results tests 
Professor Carpenter, Lord and Haas, and Hale and Williams, have also 
been plotted for comparison with Mr. Kent’s curve. examination 
this diagram indicates wide difference between the heating values 
certain coals given the curve and from calorimetric tests, 
and this doubtless due the variable nature the volatile matter. 

From any series experiments bituminous coals like those 
Mahler, curves can obtained which will approximately fit the pres- 
ent conditions, but not generally applicable another series 
tests coals from other localities. reference Table No. 
will seen that four the best coals calorimetrically tested, viz: 
Thacker, Acme, Kanawha Steam and Kanawha Gas coals, having heat- 
ing powers 15554, 15653 and 440 per pound 
net combustible, contained scarcely two-thirds fixed carbon, and 
the Kent method should have rated heating power considerably 
lower than the smokeless coals; when, fact, the calorimetric 
method these coals were not inferior the coals giving the highest 
heating powers and evaporative results. 

Referring again the table will noticed, that rule, the 
actual heating power the net was considerably under 
the value which would assigned the Kent curve. 
scarcely probable that the heats obtained the author were too low, 
because combustion must have been perfect the presence pure 
oxygen under pressure, and shown the absence smoke and soot 
the combustion chamber, and the orifice exit for the waste gases; 
and was complete shown the fair agreement the ash calori- 
metric method and proximate analysis. 


Kent’s Mechanical Engineers’ First Edition, 684. 
Coai—(ash moisture). 
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Percentage CoMBUSTIBLE. 
fixed carbon 
net 
combustible. 
calorimeter. Kent’s curve. 


PENNSYLVANIA COALS. 


Pittsburg, Brown, Second Pool...... 71.70 381 670 
VIRGINIA 
River sample)....... 81.80 028 815 
sample)............ 80.77 757 840 
Loup Creek (old 80.22 837 850 
new sam 80.44 15 386 15 845 
Pocahontas samp 84.35 770 
new 80.86 456 840 
Kanawha Steam..... 67.79 653 470 
Keystone 68.19 448 490 
Logan Consolidated Thacke 65.85 968 345 
Maritime Thacker. 008 880 
Campbell’s Creek.. 60.48 789 690 
Monongah..... 65.34 022 300 
Cedar Grove... 422 120 
Mount Carbon, 761 380 
Chesapeake. 64.13 086 210 
Coalburg........ 59.47 686 510 
Luhrig, Washed 62.92 357 105 
TENNESSEE COAL. 


One serious objection the general application Mr. Kent’s 
curve the variable nature the volatile matter bituminous coals, 
which may have effect the calorific power. Thus, with constant 
fixed carbon, when the hydrogen relatively high and the oxygen 
relatively low, the heating power the volatile matter will high, 
and when the hydrogen relatively low and the oxygen relatively 
high, the heating power the volatile matter will low. (Varying 


amounts sulphur the coal will have the effect slightly modi- 
fying this. 
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Table No. 26, from analyses Professors Lord and Haas,* will 
show the influence varying relative amounts hydrogen and 
oxygen the heating power coals: 


TABLE No. OxyGEN AND HEATING 
Coats. 


PERCENTAGES. 
Test 
9.17 73.15 4.98 464 393 
7.95 5.22 7.00 630 7719 
|Hocking 5.88 69.42 5.35 16.27 882 790 
6.50 78.90 5.14 6.88 876 
|Pocahontas...... 5.68 85.46 4.25 185 246 


Considering the Freeport, Pittsburg and Darlington coals, the rela- 
tion hydrogen and oxygen varies sufficiently the modi- 
fying influence the differences percentages fixed carbon. 
With the Hocking Valley coal the relation the hydrogen and oxygen 
fairly constant, but the combustible varies heating power 
reason the variable proportion fixed carbon, while with the 
Thacker and Pocahontas coals all conditions the combustible are 
fairly constant, and the heating powers likewise are constant. 

The data Table No. 27, from ten samples bituminous coals, 
are taken from Professor Carpenter’s paper, descriptive his form 
coal and compared the heating power the net com- 
bustible with the heats obtained for the given percentages 
carbon Mr. Kent’s curve. 


Loc. cit. 
Loc. cit. 
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TABLE No. 27. 


Percentage 
calorimeter. Kent’s curve. 

66.27 15 964 15 370 
73.93 16 000 15 750 
oe 63.47 15 106 15 160 
West Virginia........ 81.47 872 820 


GRAVITY THE COALS. 


The specific gravity given the table analyses each kind 
coal—a mean five six determinations—will found value 
estimating the stowage for marine, railway and factory uses where the 
coal storage space limited. Thus coal given specific gravity 
and heating power will occupy less bulk for given steam effect than 
will another coal lower specific gravity and equal heating power. 
The relative values where stowage consideration will approxi- 
mately represented the products the heating powers and specific 
gravities the several coals, and illustrate the effect this, the 
following comparisons few coals have been made: 


TABLE No. 28. 


Product, heating 


Coal sample. power (B. U.), and 

specific gravity. 
Pittsburg (average)..... 89.70 


Considering that the New River, Loup Creek, Pocahontas and 
Thacker coals, addition their other good qualities, are all so- 
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called smokeless coals, the importance these for naval and railway 
purposes quite apparent. 

should matter for congratulation the people the United 
States residing east the Mississippi River, that Nature has been 
bountiful locating such vast tracts high-grade steam coals 
are found the States Pennsylvania, West Virginia and Kentucky, 
especially these coals are easily mined and cheaply transported 
the seaboard, points consumption inland. Some these 
coals, like Pocahontas, New River, and Acme, are not surpassed for 
steam use any known coals the world, and when boilers and 
furnaces have been devised obtain the highest practical efficiencies, 
then these coals will made contribute higher degree the 
commercial prosperity the country. 

Reference the physical efficiencies these coals (Table No. 23), 
indicates that none the coals was giving very high results, and 
some, undoubtedly, were worked disadvantage, although the evi- 
dences this were not apparent the time; but high efficiency 
the low-grade coals cannot always attained except furnaces 
especially adapted for them. the losses heat chimney draft, 
should limited 30% the ultimate heat value the coal; 
and designing boilers and furnaces, due regard should had for 
the work performed and the coal used. But variations 
any large degree the amount work, and the kind and grade 
coal burned, most instances attended with reduced efficiency 
the fuel. 
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PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE ARTIFICIAL PRESERVATION RAILROAD 
TIES THE USE ZINC CHLORIDE. 


PRESENTED May 1899. 


Over year ago the author became interested the question 
the present commercial value the process for preserv- 
ing timber, and particularly ties; with the result that began 
investigation determine for himself the value the treatment and 
the occasion for the United States. 

Since the report made the Society its Committee* 1885, 
there has been but little published the subject, and that has been 
pamphlet form, making extremely difficult, indeed possible, 
secure recent and accurate data the subject. Probably many 
will surprised learn that during the last years something 
like 000 000 cross-ties have been thus treated, and that during the 
present year there will probably 500 000 ties treated. 

hoped that this paper may some extent add the knowl- 
edge the subject and place accessible form that which has 
already existed for those who knew where find it. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 


Transactions, Am. Soc. E., Vol. xiv, 247. 
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GENERAL. 


Any investigation the timber resources the country bound 
exceedingly disappointing, account the impossibility 
securing any complete, even correct partial data. 

The Government, through the Department Forestry, has in- 
vestigated the subject, and has collected much information the 
supply, the consumption, the characteristics the material and the 
best methods using and economizing American timbers. With 
reference the special subject railroad ties, the Department, 
1882 and 1883, means circulars, collected data from 283 dif- 
ferent corporations, representing over 70000 miles track. This 
data covered the size and number ties used per mile, the kinds 
timber used, its durability and cost, with general information 
the sources supply, etc. 1886 inquiries covering somewhat 
similar ground, resulted replies from representative corpora- 
tions operating 000 miles track. The first indicated the average 
life ties follows: White and burr oak years, cypress 
years, redwood and cedar years, and for other woods generally 
years. the later report stated: 


While general rule can laid down the lasting quality 
timber imbedded under the track and used bridges and trestle 
work, subject, is, the endless varieties conditions soil 
and climate different sections the country, nevertheless, may 
safely assumed that years the limit the average usefulness 
ties the best kinds hard wood, and years for the soft 


The 000 miles road covered the 1886 report, used re- 
newals, the preceding year, 700 000 ties, average cost 
35.6 centseach. The average number new ties required annually 
for each mile, replace decayed ones, 365; the average duration 
ties, 7.2 years.” 

the report metal ties and the preservative processes for 
wooden ties, prepared Tratman, Assoc. Am. Soc. 
E., under the direction Mr. Fernow, Chief the Division 
Forestry, and issued 1894 Bulletin No. the situation 
summarized thus: 


Briefly recapitulating statistics given the previous bul- 
letins, may stated, that with average per mile, 
the 230 000 miles track, including second, third, fourth and side 
tracks, represent 575 000 000 ties service. Renewals require an- 
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nually upwards 000 000 (corresponding years life) 
construction 000 000 ties, the total annual consumption 
round numbers 000 000 ties, equal 450 000 000 cu. ft. 
forest-grown material, which some 000 000 cu. ft. for bridges and 
trestle work must added, making the total consumption for railway 
purposes exceed 500 000 000 cu. ft. This requires the annual culling 
the best timber from probably more than 000 000 acres, and the 
annual product least 000 000 acres good condition, more 
than 10% the present forest area the United States reserved for 
this one use 


Benjamin Reece, Am. Soc. E., demonstrates* conclusively the 
very largely increased relative importance tie renewals compared 
with rail renewals; the expenditure for ties various roads having in- 
creased relatively rails the years 1880 and 1890 nearly 300 per 
cent. Most this remarkable increase was undoubtedly due the 
decreased cost rails per ton; and the data are lacking Mr. Reece’s 
paper determine how much, any, properly attributable in- 
creased cost per tie decreased life. The increased importance 
the railroads the expense tie renewals, however, not affected, 
whatever the reason; and the evidence the urgent need study and 
effort reduce the cost such renewals sufficient. 

difficult learn much about the history the ties many 
American roads. rail carries with the name its maker, the year 
made and guaranteed life. The tie simply stick, looking much 
like any other, with marks and record anywhere. The 
officials know that the first ties were originally laid during certain 
year; that perhaps these were largely replaced when new rails were put 
down later date; that some have been renewed each year since; and 
generally that all that can accurately stated. Some roads can 
more, and can tell how many ties have been replaced each section 
each year; but attempt made ascertain the average life 
certain kind tie, all kinds the main track, will almost in- 
variably result disappointment. certain instances there may 
particular stretches road where for special reasons the roadmaster 
remembers more definitely how many ties have been removed. This 
generally where the ties have been remarkably durable, else short- 
lived, and, based that recollection, the life that particular kind 
tie apt given longer shorter than general average would 
justify. 


Increasing Cost Railway Tie Renewals.” Transactions, Am. Soc. 
Vol. xxvii, 640. 
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The trouble that there has never been, nor there now, any gen- 
erally accepted method marking ties; and indeed there particular 
advantage knowing just how long any single untreated tie has been 
place. Presumably the best obtainable the kind are bought, and 
when they are destroyed more must purchased. The kind selected 
has usually been the best obtainable from the adjacent land. 

hoped that the discussion this paper will bring out the 
records careful determinations the life various woods used 
ties. 

may concluded that present the only information regarding 
the probable life ties, free from the very large element personal 
opinion, secured from American roads generally, obtained 
taking the total tie renewals per mile road per year, averaged 
over, say, 5-year periods. This will indicate the average number 
annual renewals per mile, and whether the average life the ties 
varying. Covering sidings well main tracks, however, such in- 
formation misleading, regards the life tie the main line 
must carefully interpreted the light the particular conditions 
for each road, and can considered indicative only. compare 
one road with another, the conditions must alike; about the same 
relative proportion siding and main track hard and soft wood, 
and tie plates used; and the same climatic conditions must ob- 
tain. indicative the latter, Wallace, Am. Soc. E., 
Assistant Second Vice-President the Illinois Central Railroad, states 
that white oak ties his lines south the Ohio River have aver- 
age life from years, depending upon the height the land 
where the timber was grown, the season when cut and the kind 
ballast. 

North the Ohio, central and southern the average 
years. 

Through the kindness the officers some roads and from 
examination the annual reports others, the author has secured 
certain data renewals, which are sufficient interest warrant 
preservation. Mr. Wallace states: 

average number ties used each year the Illinois Cen- 


tral Railroad for the past years has been, approximately, 300 the 
mile. The annual number used per mile, however, has varied from 
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low 221 high 434. estimate will require average 
350 ties per mile per annum, taking our line whole, keep 
normal repairs, the basis 000 ties per mile track.” 


Generally speaking, white oak ties are used north Memphis, and 
cypress ties south thereof. 

Handy,* Am. Soc. E., has given the annual renewals 
per mile for his road for the past years, showing variation from 
174 359 per mile. The average per year for the years from 1883 
1887 310; for the years from 1888 1892, 317; from 1893 1897, 
209. The only explanation obtainable for this very remarkable de- 
crease the reported construction large amount second track 
1892, 1893 and 1894, resulting increased mileage without in- 
creased tie renewals. However, the total trackage all kinds 
1891 was 512 miles, and 1897 was 651 miles (an increase between 
these years less than 6%), the one-third decrease renewals 
hardly accounted for. The extensive preparations made prior 1893 
for the demands traffic during the Exposition Chicago may have 
had something with it. evidence that was not due solely 
extreme economy during the poor years just past may stated 
that the renewals for 1897, while excess the four previous years, 
were only 245 per mile. White oak ties are used principally. 

The annual reports the Chicago and Northwestern Railroad 
give the average annual renewals for the years 1883 1887 206 (not 
exact, the length side-tracks for years was estimated), 1888 
1892, 216; 1893 1897, 207. During these years the track mileage 
increased from 4100 057, the increases being made yearly 
additions reasonable uniformity. far indication the 
real average life ties concerned, the figures are deceptive. 

average renewal 210 ties corresponds life years, 
assuming 800 ties the mile, and, the mileage 1897, total 
number ties 481970. the years fact repre- 
sented the average life, and allowance was necessary for the ties 
destroyed earlier the extensions before the average life had 
been reached, this number renewals should correspond approxi- 
mately that the mileage 1884, which was about 400. 
this gives renewal per mile 337 ties instead the actual 210, 


evident that this latter figure deceptive and due the rapid in- 
crease the length the road. 


Chief Engineer the Lake Shore and Michigan Southern Railroad. 


1 
ee 
4 
| 
| 
| 
| 
| 


206 CURTIS PRESERVATION RAILROAD TIES. 


[Papers. 


Further trial computations indicate the author that the probable 
average life about years, corresponding average renewal 
rate about 280 ties per year. 

Mr. Blunt, Chief Engineer, states that the ties all their 
principal main lines are white oak, now decidedly poorer quality 
than formerly used, from which they get years’ life. The bal- 
ance their ties are cedar, giving years’ service. The ties, 
per mile, average about 700. 

Montfort, Am. Soc. E., has kindly furnished statistics for 


the Louisville and Nashville Railroad, from which the following 
results have been deduced: 


Average renewals per mile for years prior 1898........... 360 


1897-98 375 


Noting that the figures for the renewals for the and 15-year 
periods include only those divisions which have been built that length 
time, which the amount new track laid presumably quite 
small, fair assume the average life ties this road 
about years. 

the Chicago, Milwaukee and St. Paul Railroad the record, prior 
1889, was not readily obtainable. Beginning with that year’s an- 
nual report the renewals each year 1897 were, 280, 210, 204, 228, 
245, 245, 266, 262 and 242. The average these 243, corresponding 
life about years, the average ties use per mile all tracks 
being about During these years the mileage increased from 
810 747, amount probably not sufficient greatly affect the 
apparent life the ties. present about 50% new ties purchased 
are white oak, and about white cedar. past years consider- 
ably larger percentage has been white oak. 

Through Thomas Rodd, Am. Soc. E., the statistics for the 
Pennsylvania Railroad, West Pittsburg, have been furnished Mr. 
Charles Watts, General Superintendent. The average life various 
woods used for ties is: 

Oak, 9.2 years; hackberry, years; tamarack, years; cedar, wild 
cherry, honey locust and black walnut, years. 
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The method determining these periods not stated. The tie 
renewals since 1883 have varied from 168 363. The average 
5-year intervals is: 1883 1887, 236; 1888 1892, 289; 1893 1897, 
212. During these years the cost ties has increased about 10%, 
and the quality has deteriorated. The length haul the woods 
has increased average miles for the system, indicating the 
exhaustion the nearer lands. 

Mr. Berry furnished data for the Fremont, Elkhorn and 
Missouri Valley Railroad, which road was. Chief Engineer until 
quite recently. 

The figures not extend back beyond 1893, but they are remark- 
able, both for their extreme smallness and the excellent system indi- 
cated. The entire renewals for 344 miles main track, none built 
later than 1888, and some 1868, were.470 per mile for the years 1893 
1898, inclusive, less than per mile per year. The renewals 
figured for 1898 were those used. This very small 
number due various causes The location the line ex- 
tremely dry section, the rigid economy required during the period 
commercial depression, the light traffic and the use large numbers 
cedar ties under their most favorable conditions. considerable 
part, however, undoubtedly due Mr. Berry’s systematic and con- 
stant inspection the ties, requisitioned for and when removed 
from the track destroyed. Each year tables similar those shown 


Forms and have been prepared, giving the data for every por- 
tion the road. 


Form 


Number ties 

track. built. years. main track, 


Form 


Year RENEWALS PER MILE. 
Location. main road 


Proposed for 
track. built. 
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All ties removed during the year are piled and not destroyed 
until inspected the Chief Engineer, and this post mortem Mr. 
Berry attributes most the credit. Presumably claims origin- 

for either the method tabulating the facts the final in- 
spection. Mr. Reece, the paper previously referred to,* states that 
inaugurated the same system the Lake Shore and Michigan 
Southern Railroad with great benefit; but the author has found 
sufficient evidence the need such systematic care, feels justified 
presenting Mr. Berry’s method the Society. 

None the roads mentioned has used treated ties more than ex- 
perimentally, all. The figures given for renewals, excepting 
the last instance, are per mile all tracks, both main and sidings, and 
consequently correspond longer life than obtained the main 
track. This accounts for the discrepancy between the life ties given 
the average renewals, and that previously stated the various 
roads, the actual life particular woods the main track service. 
The average annual renewals for the past years, indicating very 
clearly the climatic effect, are: 

Pennsylvania Railroad, West Pittsburg..... 245; 
Lake Shore and Michigan Southern........... 280; 


Chicago and North Western .................. 280 (corrected for ex- 


tensions) 
Chicago, Milwaukee and St. Paul............. 243 (for years only). 
3000 ties per 


Ties perish the mechanical destruction the fibers under the 
rail; splitting seasoning and cutting out fiber respiking; 
and natural decay. its normal condition, resist these three 
influences, timber required which shall have sufficient hardness 
resist the mechanical injury; high degree coherence between 
fibers and sap such chemical composition will offer the least 
encouragement the development the fungoid life which destroys 
the fiber. 

The destruction the fibers under the rail generally attributed 
the cutting and abrading action due the deflection the rail and 


Transactions, Am. Soc. E., Vol. xxvii, 640. 


4 
| 


| 


CURTIS PRESERVATION RAILROAD TIES. 209 


tie and the longitudinal movement the rail the load passes over 
it; and the direct compression the timber considered too small 
ins., engine with 000 Ibs. axle would cause pressure 
441 lbs. per square inch the tie, making allowance for distribu- 
tion the rail. According investigations the Forestry Depart- 
ment the Government, the pines and cedars, when saturated with 
water, the surface tie likely times, have resistance 
penetration across the grain, from 400 500 corre- 
sponding the assumed working limit compression. the con- 
means impossible that such woods, the initial cutting under the 
rail may due largely the direct compression. 

The injury splitting from seasoning can reduced covering 
with ballast larger part the ties subject such action, and that 
from respiking carefully plugging all spike holes. the gen- 
eral practice regarding plugging, the author not qualified speak. 
understands that generally neglected, but knows one 
road which supplies the section men with turned plugs seasoned 
elm; and the instructions are that every hole shall carefully 
plugged, whether the spike redriven into not, unless the tie 
decayed necessitate removal within year. The results are 
reported being very satisfactory and the slight expense providing 
the proper material for such use fully justified. 

secure the best results with any tie, necessary that the tree 
cut the proper time, the wood seasoned before being placed 
the track, and the roadbed well drained. The necessity for cutting 
particular time has been attributed various causes: The greater 
amount sap, the greater activity the sap, the change position 
the sap the tree and the change the character the sap cer- 
tain seasons, which were consequently avoided for cutting. The 
latest dictum the subject, contained the 10th Bulletin the 
United States Forestry Division, and reprinted Professor John- 

cut the fall ‘more durable than that cut summer, 
only because the low temperature the winter season prevents the 


attack the fungi, and the wood thus given fair chance dry. 
Usually, wood, account the prevalent high 
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temperature and exposure sun, checks more than winter-felled 
wood; and since all season-checks favor the entrance both moisture 
and fungus, they facilitate destruction.” 


Whatever the reason, there seems question but that the 
northern part the United States, timber should cut the late 
fall and winter. The value seasoning seems also undisputed, 
but the record experience the subject small. That the road- 
bed should well drained, prevent the decay the ties evident; 
and that the ballast should not cover the ends the ties 
prevent the ready escape water and the circulation air around 
them, good practice which frequently ignored. 

The immediate cause the removal the average tie dependent 
upon the character the timber used, the climatic conditions, the 
severity tie inspection, both when purchased and after service 
the track, the character the roadbed and the amount traffic. 
may decay the mechanical destruction under the rail. 
decay, may the general failure the stick, local rot under the 
rail. any case, may concluded that anything which will post- 
pone the decay the wood, will add the life the tie, for where 
the fibers are injured, rot will find favorable conditions for develop- 
ment, and where the rot has begun, the fibers are reduced strength 
and quickly destroyed. With certain woods durability can secured 
mechanical means for preventing the breaking down the fibers 
under the rail, tie plates. This especially true cedar, 
cypress and redwood. Woods which are such texture that they 
resist decay and mechanical injury equally well for considerable 
periods, and have consequently been the most satisfactory timber for 
ties, are unfortunately few being the white, burr, chestnut, post and 
rock oaks. With most the American woods, however, nothing will 
materially prolong the life the tie which does not essentially 
change the condition the sap. Such change may itself suffi- 
cient make timber perfectly adapted for use may 
still necessary protect from mechanical the deter- 
mining factors being the character the timber operated the 
process used. 

The oaks which have been the past and still are some local- 
ities the principal source the best ties are rapidly being exhausted. 
especially favored road that can to-day secure any considerable 
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supply good white burr oak from its own territory, and even then 
the policy use the oak for but part the supply, supple- 
menting with other and less desirable materials. The report one 
the committees the Roadmasters’ Association, made the annual 
meeting held Denver September, 1898, may quoted indicat- 
ing the general conviction that the day the hardwood tie nearing 
its close. This report 


tie plates with soft ties used preference hard ties 
without any plate, when the natural life the soft tie equal 
greater than the natural life the hard tie, cost being 


The cedar being more largely used with and without tie plates, 
but any largely increased demand for cedar, due its adoption gen- 
erally, would probably cause rapid increase cost. not 
that generally uniformly distributed throughout the country; 
and even Chicago, closely adjacent the cedar supplies, the in- 
creased demand the last years has advanced the price from 
cents cents. 

The future supply ties must undoubtedly come from what are 
now considered the second-class even waste woods. These, after 
chemical treatment, will resist decay for from years and will 
generally cost less than the white burr oaks. 

One of, the causes which has prevented the more general adoption 
preservative methods, has been the low cost timber, even the 
best quality. Notwithstanding the generally admitted fact that the 
supply such timber materially less than was years ago, 
many localities the cost greater than was then; and some 
cases even less. One the Western roads which years ago 
paid cents each for the white oak ties purchased along its own lines, 
now paying for the same tie cents; and owing stricter and more 
thorough inspection, getting better timber. However, although 
this road runs through magnificent timber country, and purchases 
all the oak offered for sale the line, has been found necessary 
supplement the supply importations from the South higher 
prices, and the increased use soft woods. This year per- 
centage soft woods will used than has been the custom. 

One explanation this shortening the supply without corre- 
sponding increase cost may perhaps that given one the Gov- 
reports the subject: 
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The agencies employed supplying the enormous quantities 
ties required the railway system may determine, great extent, 
the amount and price material offered the market. many parts 
the country the cutting and hauling ties railway stations 
performed mostly farmers whom this labor source ready 
cash and employment spare time. Owing this mode supply, 
abundance material steadily offered, giving railways full con- 
trol the selection the best quality and the price paid; while 
regulation the rates freight they can prevent undue export 
the treeless sections the country, check materially the lumber 
industry certain localities. this way prices are kept down and 
show seeming abundance maintained which does not the least 
prove the supply adequate, but merely shows that the great num- 
ber people engaged this industry are willing haul ties the rail- 
way over distances steadily increasing the timber nearest the lines 
cut off. Immense quantities tie-timber are thus cut down and de- 
livered the railways prices below its real value. the time the 
leading lines west the Missouri River were constructed, extensive 
tracts white oak timber were laid waste the Western States. And 
the same process going throughout the white cedar regions the 
North, from which immense quantities ties are thrown the timber 
market. These channels supply, based solely considerations 
monetary profit, will continue bring market the forest wealth 
many sections the land, but many instances and time not 
far distant Nature’s bountiful supply will exhausted, and the 
reckless system forest clearing will necessity thing the 
past.” 


This was written years ago and the truth evidenced 
the greater scarcity, and, far many roads are concerned, practical 
exhaustion, the white oak supplies the northern part the 
country. 

The constant extensions railroads into new territory, opening 
forests before inaccessible, has had even more with the stationary 
prices. recent number trade publication* says: 

long railroad rails rest wood, long the white oak tie 
will wanted above any other available wood. large proportion 
the mileage western roads has for many years been laid with this 
tie and ties brought from the woods the three white pine States. 
But the time has now come when this source supply failing 
rapidly. 

The States Michigan, Wisconsin and Minnesota to-day furnish 
probably one white oak tie where years ago they furnished five. 
With the present rate cutting these ties these States, the supply 


The Mississippi Valley Lumberman. 
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years hence promises insignificant. Four-fifths the white oak 
ties now being bought the roads running through these States are 
brought from the South. supply will almost wholly 
from the South. 


Though the supply white oak suitable for ties has grown 
small the North, the market value this tie has remained almost 
stationary because the recent influx the Southern tie. The 
Omaha, the Soo, the Wisconsin Central and the Milwaukee lines have 
this year drawn the bulk their white oak from the South. reduc- 
tion freight rates part responsible for this.” 


Experience with Southern oaks when brought north seems 
somewhat contradictory, but probably unsatisfactory, while the cost 
high. consequence, believed that the supply ties gen- 
erally and very shortly will have come from the inferior grades 
timber, with corresponding large increase the number 
annual tie renewals, unless possible treat them low cost 


give them life equal superior that now secured from 
the oaks. 


1885 Committee this Society, consisting nine members, 
presented exhaustive report the subject the preservation 
timber which, with the discussion thereon, participated six- 
teen other members, still stands the authoritative statement the 
subject; and many the general conclusions the Committee remain 
uncontroverted to-day. Very naturally, however, during the past 
years much has been learned, some the ideas formerly held have 
been modified and confirmatory evidence produced others. 

The conclusions the report the preservation ties were: 


the exposure that railroad tie, creosoting is, doubt- 
less, the most perfect process use, but view the expense, 


may preferable use cheaper process, dependent somewhat upon 
the location. 


With our present knowledge, and this investigation, 
believe Burnettizing (the zinc chloride process) the advisable 
process use for ties present this country.” 


The facts upon which the conclusion the sufficiency Bur- 
nettizing was based were the following: 

street railway Cambridge, Mass., was laid with spruce 
stringers and sleepers 1855. 1883, years later, the stringers 
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were all worn out, but the president reported that ‘‘many, and, 
think, the majority the sleepers are good condition to-day.” 

the Vermont Central Railroad ties were treated 1856 1860, 
which time the plant was abandoned and the entire matter lost sight 
until 1879, when old side track was removed, which had not 
been use for several years, and which was nearly covered with earth 
and grass; still the hemlock ties were then found nearly sound” 
after over years. 

reasons for abandoning the Burnettizing works upon this 
road would seem that the officers charge that time lost 
faith the theory, and, was experiment, they did not learn 
its value until recently discovered the manner referred 

wharf and street railway Boston, Mass., spruce plank 
and track stringers which were Burnettized 1857 were sound 1872, 
years afterward. 

the Chicago, Rock Island and Pacific Railroad eight spans 
Howe-truss bridges built 1860 were still use and fair condition 
1882. this road ties hemlock, pine, tamarack and cedar 
were laid 1866. 1882 about the hemlock was still the 


track and good for several years longer; the pine and cedar ties 


all been removed sometime during the years—the tamarack lasting 
about long the hemlock. 

the Boston and Albany Railroad 100-ft. bridge, built Bos- 
ton the late Philbrick, Am. Soc. E., was provided with 
green spruce Burnettized ties 1860 which lasted years. They were 
replaced untreated pine, lasting years, and these were replaced 
untreated chestnut, lasting years. 

years. 

the Lehigh and Susquehanna Railroad, Buck, Am. 
E., reported 1883 that had examined Burnettized maple, 
beech and hemlock ties laid 1867-68 which had decay al- 
most perfectly. Most the treated ties appeared good for7 years 
longer.” 

This represents the American experience 1885 favorable zinc 
chloride tie preservative. There were, addition, the results 
years German experience, which can summarized from Council- 
lor Funk’s paper the report follows: 1880, out 000 000 
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ties laid the German and Austro-Hungarian railroads, about 
000 000 were impregnated, the majority with zinc. 

the experience those railroads that have for from 
years impregnated their ties with chloride zine under pressure, after 
steaming and abstracting the sap, has been very satisfactory, and 
this system costs only one-half one-third much impregnation 
with creosote corrosive sublimate, the majority roads have 
adopted the chloride zine process. 

average life ties impregnated rational manner with 
creosote chloride under powerful pressure reaches: 


For oak ties 


results impregnation chloride and creosote are 
about equal. But, asthe impregnation with creosote costs about three 
times much with chloride zinc, majority the German 
railroads have gone over the latter.” 

addition this favorable evidence, there was some which was 
unfavorable. 1861 the Erie Railroad built plant Owego, Y., 
which plank and bridge timbers, well few experimental ties, 
were treated. The results were unsatisfactory, the large timbers 
years having decayed the center, leaving hard crust the 
outside. the opinion the Committee, the reasons for the un- 
favorable results were: The original imperfections the Bethel pro- 
cess,” being attempted extract the moisture (before injection) 
the vacuum alone, without preliminary steaming; the selection bridge 
timbers which are less adapted the treatment than ties; operating 
entirely unseasoned timber, and, perhaps, the use insufficient 
pressure. the use green timber: 

confirmation this view, may mentioned that, while 
the bridge timber did not last well, several sets switch ties, 
which had been cut about eight months and seasoned, were Burnett- 
ized Owego for the road department the Erie Railway, and laid 
its tracks, with the result that years afterward they did not show 
particle decay. These ties have been lost sight since, but your 
committee has its possession oak tie, one lot two car loads, 
seasoned and Burnettized Owego, which lay the track Susque- 
hanna Station for years, and almost perfectly sound to-day.” 

The Philadelphia, Wilmington and Baltimore Railroad and the 
Philadelphia and Reading Railroad built works 1863 and 1867. The 
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results were satisfactory regards decay, but the strength the 
timber was injured that the ties broke the track. 

explanation that the solution was too strong, and the sur- 
plus zine probably crystallized the sap ducts the timber, burst 
some them asunder, and made the wood brittle. the Phila- 
delphia, Wilmington and Baltimore Railroad solution was used 
probably strong, and the Philadelphia and Reading Rail- 
road the solution was 3}% strong, while experience Germany has 
thoroughly established the fact that for railroad ties the solution 
should not over strong, and 1.91% considered the standard.” 

The present German practice, strength solution, will 
given later. There evidence known the author confirm the 
supposition that the surplus zinc contained solutions the strength 
mentioned has ever crystallized the ducts and injured the fiber. 
probably simply conclusion based upon idea. 

the consideration this record the United States ne- 
cessary remember that while the use chloride preserva- 
tive wood was patented 1838; the Bethel process securing the 
saturation the timber pressure preceeded partial vacuum was 
invented 1840; and attempt apply the treatment was made here 
early 1850; the work for the next years was largely experi- 
mental. Everything had learned the proper methods 
treatment, the process perfected, and the best materials work 
upon ascertained. Timber was then cheap and plentiful 
the United States leave but small incentive devise means 
economizing it. That the results treatment were largely favor- 
able and the probable causes failure evident, remarkable. The 
record the hemlock and tamarack ties the Rock Island road 
service, reported still the track. will seen later, 
the more recent hemlock ties this road show shorter average life, 
and must that the previous statement was error, the treat- 
ment the ties received before and after they were put into the track 
was more favorable than that later years. 

endeavor has been made learn the facts the method 
treatment followed with these ties, but the only person accessible who 
had personal relations with the work 1866 disclaims all recollection 
the details and written records were kept. has been 
told, however, that these ties cut December, cross-piled 
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season until the following October, then treated and allowed dry 
before they were placed the track. this true, their record 
probably fully accounted for and can duplicated the same condi- 
tions are supplied. 

Councillor Funk’s statement that the results impregnation with 
creosote and with chloride were about equal, evidently 
error. Organ the Progress series 1897, pub- 
lished Wiesbaden, there table which the average duration 
various ties the German railroads given for the zine treatment 
and also with tar oil (creosoted). These are: 

Oak ties, treated with chloride, years; with tar oil years. 


1885. 


time the report the Society, three plants treating timber 
with zine chloride were operation the United States, each work- 
ing with different process; the difference being the methods 
adopted prevent the impairment the preservative treatment 
the washing out the salt, which quite soluble water. This 
solubility the chloride the only objection its use, but the exact 
value this point not determined the author’s satisfaction. The 
evidence already adduced relates the Burnettizing process proper, 
which the zine chloride alone injected, with attempt any 
artificial method preventing its being washed out. However, 
various methods have been devised eliminate any objection this 
score, and each the plants operation 1885 was working 
patented ideas, with this view. 


Tue 


The Thilmany process consisted the injection sulphate zinc 
copper, followed second injection chloride barium, when 
chemical change was supposed take place the wood ducts, the 
chloride barium being changed into insoluble salt, sulphate 
baryta; its chlorine forming chloride zinc copper. The insoluble 
salt was prevent the soluble one from being washed out. Timber 
was treated this way plants Defiance, Ohio, and Milwaukee, 
Wis., and some favorable results were reported. Ties had been treated 
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for the Chicago and Alton Railroad 1880, and for the Erie Railroad 
1882. The Government report Forestry (1884) states that 
200 000 soft wood ties treated this process had been put into the 
tracks the Lake Shore and Michigan Southern Railroad. Some 
were also treated for the Wabash Railroad. 

Correct records the ties none these roads are obtainable. 
Mr. Draper, Chief Engineer the Chicago and Alton Railroad, 
recollects having made examination the results his road 
which was unfavorable the ties. Those treated had been various 
soft woods growing along the line, and the experiments were not 
considered successful. definite information the life these 
ties can secured. 

the Erie and the Wabash railroads the results were unsatisfac- 
tory, evidenced letters Mr. Charles Latimer and Mr. 
Lincoln, Am. E., the Chief Engineers these roads. 
supposed that the failures were, part, due the expected chem- 
ical action not taking place when the substances were confined such 
small spaces the ducts timber. 


The process consisted one injection solution 
chloride zinc and gypsum. was claimed that the gypsum crys- 
tallized the ducts the wood, thus stopping them and pre- 
venting the from being washed out. the process was then 
new, evidence was submitted the report, except statements 
chemists showing the apparent impossibility washing the 
out laboratory tests. plant was operated St. Louis for several 
years, but was not success financially; was dismantled, and efforts 
secure any facts the value the work done have been unsuc- 
cessful. 

The Wellhouse process consisted the injection 
solution zine chloride containing amount glue, followed 
another injection solution tannin, the effect the tannin, 
was claimed, being form with the glue small particles artifi- 
cial leather, insoluble water, which would plug the ducts and 
retain the chloride. plant was operation St. Louis under 
the management Mr. Card. The first timber treated was 
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TABLE No. TIES THE ATCHISON, TOPEKA AND 
Santa 


JULY 2p, 1891. 
ties. track. age. track 
White cotton- 
Cottonwood..| 50 = ae -| 46 2 9.1 22 44 ll 17 34 14.8 


1879. the following years paving blocks, experimental lots ties 
for various railroads and miscellaneous timber were treated. The ties 
were laid the vicinity St. Louis and the Atchison, Topeka and 
Santa Railroad. Regarding this work Chanute, Am. 
E., says: 


1885 went St. Louis upon the occasion the repairing 
the St. Louis Bridge. This had been laid 1879 with gum-wood 
blocks prepared the Wellhouse process. These blocks, originally 
inches thick, had worn down thin give trouble, but they 
were sound after years’ exposure. than dozen were found 
decayed the whole length the bridge. The Burnettized pine 
stringers were also sound, and the local railroads reported ties treated 
the Wellhouse process success, except one lot laid mine 
screenings and ‘bone’ East St. Louis.” 

the experimental ties put into the tracks the Atchison, 
Topeka and Santa Railroad 1881 and 1882 examinations were 
made Mr. Chanute July, 1891; those Junta, Colo., and 
Topeka, Kans., and May, 1893, and March, 1897, Junta. 
James Dun, Am. Soc. E., kindly had examinations made both 
places December, 1898. found some the treated ties still 
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the track, but the tin tags identifying each tie had entirely disap- 
peared, had become badly scarred that count any value 
could made. The records the previous examinations are given 
Table No. (page 119). 


The first road adopt the use the treated ties, other than 
experiment, was the Atchison, Topeka and Santa Railroad, 
which Robinson, Am. Soe. E., was then Chief Engineer. 
This road, 1885, had plant built, under Mr. Card’s direction, 
Las Vegas, Mex., consisting two retorts ft. diameter 
and 106 ft. long, which operated mountain pine. The Wellhouse 
process was used except from 1889 1893, when the 
Burnettizing (proper) method was followed. The number ties 
treated was follows: 


128 568 
269 


These ties have been used from Dodge City, Kans., Paso, 
and Silver City, Mex.; and few Eastern Kansas and 
Oklahoma Territory. The majority, however, have been used New 
Mexico. The life the untreated mountain pine given not 
exceed years. Complete records the treated ties are unobtain- 
able, but through the kindness Mr. James Dun, Chief Engineer; 
Mr. Mudge, General Superintendent, and Mr. George 
Noyes, Manager the Las Vegas works, the following facts have been 


The New Mexico Division was built 1880, with native untreated 
ties. commenced renewals 1885, with native pine treated ties, 
and since that time other class ties has been used. The un- 
treated ties were, course, all removed prior 1893, that ties 
taken out since that time are evidently all treated ties. 


secured: 


eee 
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have assumed that after 100% the original ties have been re- 
moved, all ties taken out were then treated ties. For the years, 1893 
1897, inclusive, the New Mexico Division, 380 miles, 
414 189 treated ties, average about 217 ties per mile per year. 
The renewals for this period were about normal, the ties this track 
being very good condition, therefore, the average life these ties 

peculiarities the length life ties due the character 
the soil, have say that New ties last much longer 
rock ballast than soil, and decay very much faster sandy soil than 
There are still (July, 1898) great many treated ties track 
branded 1885. You will also understand that good many the ties 
removed are taken from sharp curves and were removed account 
being spike killed. 

the New Mexico Division are using treated native pine ties. 
other divisions have been using cedar and oak; usually oak 
main oak ties heavy main line service about 
years; cedar ties light branch service, about years. 

the Burnettized ties laid 1889 1893, have 
yet been unable demonstrate whether the life these ties less 
than that the Wellhouse process, ties laid 1889 have not yet 
shown signs 


Beginning 1897, the records the ties the New Mexico 
Division have been more carefully kept, and for future years they will 
show the number removals and the causes. Mr. Hurley, Di- 


vision Superintendent, has furnished statement (Tuble No. cover- 
ing the years 1897 and 1898. 


TABLE No. REMOVED THE NEw Mexico 


THE ATCHISON, TOPEKA AND Santa THE Last 


YEARS TREATMENT. 


1885. 1886. 1887. 


Total 
removed. 
Average 

life 


not able give you the exact number removed from dif- 
ferent causes, but would say that the total will cover all ties 
removed account being broken and causes like 
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nature, the baiance being removed account being rotten, worn 
ete. 


The average life the ties removed does not quite equal that 
estimated for them Mr. Mudge, but does not follow that his 
estimate error; although his premises apparently are. With the 
renewal 831 treated ties months 1897, and 822 
1898 improbable that the 414 189 ties renewed the years, 
1893 1897 inclusive, could all have been treated ties. will 
noted that the average life the ties removed 1898 was longer than 
that those removed during 1897; and understood that the 1885 
ties are not yet all removed. natural expect that the life 
the ties removed each year will continue increase for some years 
come, certainly until all the 1885 ties are removed. the best re- 
sults can hardly expected from the treatment the first year, 
very probable that years’ life will reached these ties. 

the Las Vegas works, ties are steamed from hours, de- 
pending upon their condition when received, green timber requiring 
longer time. They are vacuum for hour, and under 
pressure Prior 1890 the chloride was prepared 
the works, but since then has been purchased, fused con- 
dition. The purity has varied from per cent. The amount 
zine chloride injected varies different years, varying from 0.28 
0.47 lbs. chloride per cubic foot timber treated, which in- 
cludes sawn lumber all kinds and piling.” Seasoned timber 
preferred; and after treatment ties are once shipped their 
destination. They are then supposed unloaded, piled 
lots ten, triangular piles, arranged that only one end any 
tie the ground; and allowed season for about 
point fact, they are generally put intothe ground immediately, 
full water; account ofthe difficulty providing for the de- 
mands the road with the present facilities. Mr. Noyes’ opinion, 
secure the best results, ties should seasoned for months before 
treatment and for the same time thereafter. 


1896 this plant was enlarged the addition third retort. 
1897 large plant, consisting four retorts, was constructed 
private parties, Somerville, Tex., where expected treat 
large quantities ties for the Santa system; and this railroad has 
just completed another plant Bellemont, Ariz., consisting two 
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retorts, where ties will treated for that part the system. The 
officials the road express themselves satisfied with the value 
the treatment, but are discussing the relative values the zinc- 


tannin and the plain methods. The additional cost 


inject the glue and tannin amounts several cents per tie; and they 


are doubt from their own experience whether the increased cost. 
results increased life, and, so, what extent. 


The Union Pacific Railroad had some experience with wood pre- 
servation 1867 and 1868 when works were erected Omaha and 
operated cottonwood ties for year, when they were discontinued 
was impracticable with the plant hand prepare more than 
one-tenth the ties required. 

1886 new works, consisting two retorts, were erected 
Laramie, Wyo., under Mr. Chanute’s direction. They were operated 
for years the railroad, and 242 000 ties were treated, when work 


was suspended for reasons temporary economy. was also 


reported have been because the United States Government stopped 
the cutting ties its lands, and because prejudice the part 
some one authority. Whatever the reason, the works were shut 
up, were partially burned 1889, and were then dismantled. 

While operated, the Wellhouse process was used. According 
the detailed record the operation this plant from July 26th 
August 1886, the strength the solution chloride corre- 
sponded 1.90 the Beaumé scale, representing 1.46% chloride 
the solution, and the absorption chloride was 0.65% the weight 
the tie, 0.78 lb. per tie, the timber (mountain pine) weighing 
29.51 lbs. per cubic foot. 

Mr. Wm. Ashton, Division Engineer the road, letter Mr. 
Chanute, dated January 31st, 1898, speaking the preserved ties, 


This work was done prior assignment this portion 
the line, consequently have not had the opportunity watch the 
service given these ties fully would have liked. For the past 
years have been observing what remained them and have 
talked frequently with our roadmasters, one whom understand 
has been the portion the line which these ties were laid since 
they were placed the track. From what knowand have been able 
gather concerning these ties would state follows: 
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Ties treated were native pine and spruce, Oregon fir, elm, ash, 
maple and oak, far the larger number being native pine and 
spruce. 

The native pine and spruce ties began fail 1893; those re- 
moved during this year seemed mostly ties. 1894 
most the top-cut and middle-cut ties were taken out, while 1895 
and 1896 practically all the pine and spruce ties the main track 
were removed. These ties were not cut the base the rail 
badly untreated ties the same timber, and their failure could 
seldom attributed this cause. was observed that the heart 
and bottom these ties failed first, leaving hard shell-like top. 
There are still number these ties sidings. 

The Oregon fir ties were usually ins., and were found 
split badly spiking. They failed year two sooner than the 
native pine and spruce ties. 

The elm, ash and maple ties have all been taken out during the 
past years. The service these ties would have seemed about 
the same those native pine and spruce. 

the oak ties are still the main track. find they 
are getting very brittle and are breaking badly. They will probably 
all taken out during the years 1898 and 1899.” 

The above report indicates average life, for the mountain pines 
and spruces the main track, about years. January, 1896, 
Mr. Ashton read paper before the Denver Society Civil Engineers 
the Average Life Cross-Ties Steam Railroads 


this paper says 

Under ordinary circumstances experience the lines 
Colorado has been that ties Colorado pine, balsam and white spruce 
will last track years under ordinarily heavy traffic. Under 
light traffic well-tied track, they will probably average years. 
our main line usually take out about half these ties after 
years’ service, and the balance the fourth year.” 

This would indicate the result treatment these ties 
unqualified success, although the life attained materially shorter 
than that reported for the Atchison, Topeka and Santa Railroad, 
with practically the same material, but perhaps drier exposure. 

the author’s request,, Mr. Berry, the present Chief Engineer, had 
analysis made the chloride zinc remaining one the moun- 
tain pine ties taken out the track 1898, after years’ ser- 
vice. The analysis showed 0.146% weight the chloride, the 
amount being the same samples from the center and from near 


Journal the Engineering Societies, Sept., 1897. 
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the outside the tie. the report Mr. Robinson, chemist 
the road, says: The ties, taken from the works, 
seldom carried over 0.25% metallic. zinc” (or 0.52% zinc 


chloride). ties (analyzed) are very good state pre- 
servation.” 


This plant the successor the St. Louis plant, which the 
Wellhouse process was originally worked Mr. Card, and was 
‘built 1886 Mr. Card and Mr. Chanute, operating under the name 
The Chicago Tie Preserving Company. consisted first two 
retorts, which third was added 1891 and fourth 1894, and 
has treated, December 31st, 1898, 007 946 ties for the Chicago, 
Rock Island and Pacific Railroad, besides small lots for other parties. 
The usual methods the Wellhouse process were followed until 
1896, when modification was introduced, consisting the omission 
the glue from the zine chloride solution and the subsequent injec- 
tion the glue separately, followed third injection the tannin. 

This change was based upon experiments, and the idea that the 
admixture glue with the chloride lessened its fluidity and 
consequently increased the difficulty securing the injection the 
desired amount the chloride. might also argued that the 
province the glue being with the tannin simply plug the ducts 
prevent the washing out the zinc, the only proper place for 
the ends the ducts and medullary rays; and that unwise 
introduce into the body tie perishable organic material, like glue, 
increase the duty the chloride, and where practically im- 
possible force the tannin it, subsequent injection. This 
modification, necessitating three injections place two, some- 
what increases the expense the treatment, and while undoubtedly 
improvement, the period its use has been too short demonstrate 
it, increased life. The best evidence its value the increased 
absorption chloride obtainable. 

The ties treated for the Rock Island road have been entirely hem- 
lock and tamarack. The number years given Table No. 
The number tamaracks being relatively small, distinction be- 
tween them made the following, except where the tamaracks are 
specifically referred to. 
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extremely unfortunate that the records service these ties 
are incomplete and doubtful value. stated that practically 
none the ties was removed from the track until 1892. the time 
they began come out, instructions were issued the management 
the road, that all treated ties removed should piled and not 
destroyed until inspected representative the Tie Preserving 
Company. This was done 1892 and 1893, except for those re- 
moved from lot 604 shipped west the Missouri River 1886 


the removals 1892 being 319 2.1% the ties laid years before 


east the Missouri River removals 1893, 282, 3.8% those 
laid and years before, 1886 and 1887, 13% those laid 
1886. The removals for these years, 601 ties, represent 15.3% 
those laid 1886 east the Missouri River, that this time 
there were still service the ties laid years before. 

the years subsequent 1893, the ties removed were not 
inspected and counted agent the Chicago Tie Preserving 
Company, but were reported the section foremen the road- 
masters, and the the Superintendent Maintenance 
Way, who compiled general statement. The removals, given for 
the tracks east the Missouri River for the years 1894 1897, are 
shown Table No. these statements the annual removals 
was computed the Tie Preserving Company that the average life 
the treated ties was 10} years, increasing percentage coming out 
each year, the twelfth, when all were supposed have been 
removed. 

Within the past year doubt has been thrown some the railroad 
officials, upon the accuracy these yearly returns, and has been 
claimed that the ties were averaging less than years. Unfortunately, 
the ties were not marked any way indicate the year treated, until 

quite recently, and there had been very considerable changes the 
divisions the road, the sections and the methods managing 
the track system. The records have become inextricably mixed, 
that impossible determine when and where the earlier treated 
ties were laid. This reduced the question the average life 
matter recollection and opinion, and while opinion had been favor- 
able 1894, now swung the other way. July, 1898, 
Mr. Parker, Second Vice-President and Chief Engineer, ordered 
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ties each kind (oak, cedar and treated hemlock) were then the 


tracks the road, each section foreman counting the ties his own 
section. 


The result this count shown Table No. 


1898. 


White Treated Treated 
Kind tie. oak. Cedar. Pine. Pine. Totals. 
| 
| 
Percentage sidings....... 9.7 9.7 14.1 
| 


The totals Table No. represent averages 430 ties per mile 
sidings, 050 ties per mile main track and 950 ties per mile 
all tracks. Mr. Parker satisfied that this total number all ties 
substantially correct. The treated pine ties shown the table were 
treated works Texas. 

remains deduce from these figures the probable life 
the treated ties. the same date (August Ist, 
1898) there had been treated, hemlock and tamarack 


Less, shipped the Rock Island and Peoria Railroad and 
Balance presumably 896 913 
The treated ties were that time being shipped west the 
Missouri River, distance from 500 000 miles, 
and many were transit, there having been shipped 
from the treating works during the last ten days 
July, 209 ties and there were also, certainly, some 
distributed but not track. Assuming fair de- 
duct for these two items..... 000 
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This absorbs all the ties treated years previous, the 
close. the treating season 1889, amounting 825 796, which 
623 had been shipped the Rock Island and Peoria Railroad, 
that the tracks under discussion received 804 173. 

Leaving, presumably, come from the ties treated the follow- 
ing year, 1890, 740. 

This number 17% the ties treated 1890 and 
deducted from the years, leaving 8.83 years the probable average 
life these treated ties, provided there was material error the 
general count made August. 

The author does not consider this count conclusive the life 
the treated ties this road. The time thus determined shorter 
than indicated the removals during 1892 and 1893, the latter 
year there being still the track the ties laid years before 
and indicated ties laid four sections the same road west 
the Missouri well those tested the Pennsylvania 
Railroad and the Duluth and Iron Range Railroad, described later. 
extremely difficult distinguish the treated hemlock and tama- 
rack from cedar, surface inspection the track, indeed pos- 
sible many cases without cutting the tie, and seems quite 
possible that many treated ties may have been reported cedar but 
the author’s opinion based personal experience with the ties, the 
mistaking cedars for hemlocks and tamaracks would not likely 
occur. The only reason given for doubting the annual reports 
was that they were based the reports the section foremen, and 
had been made the regular course work, without any especial 
effort secure accuracy. Since the August count, however, orders 
have been issued keep these records accurately, and this paper has 
been held open until the reports the renewals for the year 1898 be- 
came accessible, order that the probable value the previous 
year’s reports could gauged this one. Table No. gives this 
well all other data that can secured. will noted that the 
total renewals the lines east the Missouri River are 481 947. 

The total number treated ties put into the same tracks for the 
years 1886, 1887 and half 1888 are 461 765; that, the annual 
reports ties removed are correct, all ties put since about 
the middle 1888 are still-represented service, and the average life 
over years, figured the Chicago Tie Preserving Company, 
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correct. Since the above was written has been discovered that 
the treated tamaracks the tracks west the river have been con- 
founded with the treated pines and reported such—to what extent 
unknown. While the number omitted from the count the 
cannot very large, may and the life the 
treated ties would correspondingly increased. 

All these figures, based removals without any knowledge the 
year treatment the particular ties removed, are extremely un- 
satisfactory and unscientific; but they are the best obtainable and are 
presented. 


Remainder 
Shipped west charged 

No. from tracks 

River souri River. 

148 816 048 101 164 
265 377 060 262 317 
201 272 196 569 
210 331 812 204 519 
245 271 225 974 
339 423 300 315 142 
825 736 310 613 
405 267 305 267 
297 252 639 
425 459 100 583 
Total...... 007 946 526 622 226 481 947 


1886 large number treated hemlocks and untreated white 
oaks was laid the tracks Sections and west the 
Missouri River. The renewals these were reported the years 
1891, 1892 and 1893. 

Inquiries 1898 showed that later separate accounts had been 
kept, but the Roadmaster, Mr. Sullivan, September that 
year, had careful count made determine the number then the 
track. These various figures are given Table No. will 
noted that Sections and 28.9%, and Sections and 58.8%, 
the treated hemlocks were still service after years. Mr. 
Sullivan adds ties still the track are fair state preserva- 
tion, and the best will last years more.” The record the oaks 
also given Table No. 
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TABLE No. 
| 
RENEWED RENEWED |No. TRACK 
TREATED 


NATURAL OAK. 


4.8 060 


verage, 74.5 


Mr. Sullivan states that years practically all the oaks will have 
been removed. 

Sections and the hemlocks and 74% the oaks had 
been removed after years and and 41% the hem- 
locks and 74% the oaks. the variation the life the hem- 
lock the different sections, Mr. Sullivan says: 

The cause the difference dirt and ballast, Sections and 
being close the Missouri River, and dirt, largely silt and sand, with 
miles rock ballast the former. Sections and are and 
miles west the river, and the ground largely black firm prairie 


loam. All kinds woods, except cedar, are short-lived river bottom 
and bluffs.” 


the hemlocks now the tracks last years longer, for the best, 
Mr. Sullivan states, fair put the average remaining life 
all the ties now years. this basis the average life all the 
treated ties would figure for 


for all four sections years. 


These averages are derived thus, 
taking that for the four sections example: 
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Renewed 1893, after service 3.16 22.12 
1894, 1895, 1896, 1897 and 

Remaining track now, good for 


100.00 11.08 1108.15 
Average, 11.08 years. 


The life the treated ties this road has undoubtedly been less 
than readily obtainable more rational practice than was the 
prior 1895. Until then the Tie Preserving Company treated 
ail ties sent it, regardless their condition moisture 
soundness. Since 1895 this has been changed, and the ties are re- 
inspected, when received the works, the Preserving Company’s 
men, not sound are condemned and turned back the tie con- 
tractor; and the ties are too wet for treatment, they are piled 
until sufficiently dry take the proper amount chloride. 

1890 the Chicago Tie Preserving Company treated some experi- 
mental ties for the Duluth and Iron Range Railroad. These consisted 
white pines, tamaracks, and Norway pines. They were cut 
during the winter 1889-90, treated October, 1890, and placed 
track very soon after, together with Norway pine, white pine 
and tamarack untreated ties, which were cut the same time and 
off the same land those subjected treatment. 

The roadbed which these ties were laid glacial drift and 


what you might call gravelly hard-pan, carrying some lime, and the 
drainage good; the ballast fairly clean and reasonably coarse 
gravel.” 

Mr. Greatsinger, President and General Manager, had ex- 


amination these ties made February, 1898, and wrote Mr. Chanute 
follows: 


the winter 1895 and 1896, were obliged tear the 
track with dynamite where these ties were originally laid. doing 
very few them were broken, but nearly all them went through 
the ordeal remarkably well and were relaid double track the 
spring 1896, the grade this point was lowered about ft. 
this time inspection was made them, and was decided lay 
part them the same side before, while few each kind were 
reversed; and the same rails, were used relaying, did 
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not necessitate, except making new spike holes, and 
where this was done the old holes were plugged. 

close report their condition this time will next spring, 
but now able report follows: 

White Pine (One Notch).—The rail has cut into the tie but very 
little, the greatest depth being cutting into the top one 
the ties, the wood appeared apparently good new. 

Tamarack Two rail has cut into them little more 
than the white pine; about }in. All sound, and otherwise appear 
good new. 

Norway (Three Notches).—The rail has cut into these about the 
same tamarack, }-in. cut the top the tie. Found the wood 
fair condition, but not good either tamarack white pine. 

general terms, the process preservation has not only pre- 
vented decay, but has wood much denser, thus materially re- 
ducing the cutting usually done the base rail, and judging from 
the results already attained, these ties are yet good for years, and, 
had used tie plates, for much longer time, the destruction 
the tie will from wear and not from decay. 

Next spring will take out some each kind and send you some 
sections them under the rail bearing and through the spike holes, 
which will enable you see the effect. 

send you express, some pieces that were cut from the ties the 
first this month, for your inspection. consider this good show- 
ing, our service ties the most severe any know this 
country, there have been times when have averaged for every day 
the month over 100 trains passing over them every hours. Our 
heaviest standard locomotive, ready for service, weighs about 120 tons, 

and our average ore car, loaded, carrying gross tons car, itself 
weighing about 000 length over all, feet.” 


response inquiry the author, Mr. Robert Angst, Chief 
Engineer, under date June 22d, 1898, writes: 

untreated ties you inquire about have reached the end their 
career, and are now the ash heap. They were fair average the 


untreated ties our line, the effective life being between and 
years.” 


1891, 200 tamarack and 200 hemlock ties were treated for, and 
placed in, the tracks the Pittsburg, Fort Wayne and Chicago Rail- 
way. Thomas Rodd, Am. Soc. E., Chief Engineer, says them 
(1898) 


After these ties were put the track watched them pretty 
carefully and for about years they cut rather more than oak tie. 
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After that, however, they seemed cut less than oak tie, and are 
to-day good shape our main track.” 


the spring 1898 two these ties had decayed, and were re- 
moved. examination after removal satisfied Mr. Chanute that the 
two ties were from dead trees, and their failure after7 years’ service 
attributes thereto. 1896 and 1897 the same road track about 
000 hemlock preserved ties; and during 1898 there have been treated 
for 000 beech and 000 black and red oaks. 

The Maintenance Way Committee the Association Trans- 
portation Officers the Pennsylvania Lines made full report the 
subject ties years ago, which was recommended that 
100 000 ties, preserved with zine chloride, should laid each year 
their lines. 

There have been number ties treated for the Rock Island and 
Peoria Railroad, subsidiary line the Chicago, Rock Island and 
Pacific Railroad, operated under separate management. effort was 
made secure data from this road its experience with these ties, 
but nothing but very general statements could had. From the 
Chicago, Rock Island and Pacific Railroad was learned that the 
number treated ties delivered the road was follows: 


response inquiry, Mr. Breckenridge, Roadmaster, 
wrote, under date 27th, 1898: 


ballast that time” (when the ties were put in) was 
mostly gravel, and cinders places top gravel. prairie soil, 
gravel ballast, ties lasted about years timber soil, gravel ballast, 
about years; around coal shafts with slack ballast, about years. 
think those ties might have done better had they been piled for one 
year and got thoroughly dry. The ties seemed come from 


the vat, and were generally put track very soon after they were re- 
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reply later inquiry the number and location any ties 
still track, Mr. Breckenridge wrote: There are none the ties 
you speak track now.” 

The author could see reason expect any such short life for the 
ties this indicated, judging from the experience others with 
them; und inquiries the higher officials the road produced 
similar views those Mr. Breckenridge, was determined test 
actual examination and count, the statement the ties being all 
out; and determine the reason, such was the fact. Accordingly, 
Rowe, Am. Soc. E., who was for sometime charge 
the Las Vegas treating works, was engaged walk over the entire line 
118 miles and count all the treated ties could find. Mr. Rowe 
made this examination November and December, 1898, and his re- 
port practically gave the number ties each mile separately, 
that his count could readily verified disproved. absolutely 
identified 272 treated ties and estimated that there were 000 more 
covered snow surplus ballast—practically still service— 
indicating how easy lose the reckoning ties track. Mr. 
Rowe states: 

The ballast consists about follows: From Rock Island yard 
Milan, mostly sand, quite fine, taken from local sand pit. The main 
line eastward far Toulon mainly fine gravel, some places very 
profuse, covering the ties many places prevent inspection, 
while much the distance the ballast thin. 

Almost all the coal branch, and that portion the main line east 
Toulon, ballasted with burnt clay, very good material for the 
purpose. The burnt clay ballast ample quantities, covering the 
track entirely for considerable distances and banked against the ends 
the ties materially retard drainage. 

consequence this, the track down and ties are churning 
the softened track: what extent this has affected the lasting 
qualities the cross-ties, not prepared say, but the matter 
here noticed with reference that question. 

The identification the treated hemlock ties was not difficult, 
the grain the wood, the presence bits the bark and the well- 
defined shade the surface the timber, were all aid this; but 
the most striking characteristic the hemlock was what would call 
its that appearance soundness wood, and especially 
the absence material wear under the rail. fully understand 
this, personal examination necessary, while the superiority 
these treated ties marked, the actual condition hard put into 
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words express fully. This especially noticeable between 
Crampton and Orion the Cable Branch. 

regard the identification the tamarack was found very 
difficult, the difference the grain from that the cedar was less 
marked, and only the greater firmness the wood and the shade 


color due the treatment were available, and, consequence, many 
were missed checking. 


Without more searching examination these ties yet track, 
difficult form opinion the time they will serve. 
would judge that perhaps 25% would removed relaying the 
track, and that the service the other would from years 


properly handled. Very few the ties (hemlock) were found 
the waste piles. 


resistance rail wear was remarkable, and when the hem- 
lock was laid with oak, the wear was inappreciable. When laid here 
and there, interspersed with cedar, the wear was greater, but still in- 


significant compared that the cedar, and this fact aided very 
much finding them.” 


Paciric 


The profession and the railroads owe great debt Mr. Krutt- 
schnitt, General Manager the Southern Pacific Company, for the 
very careful and complete manner which has had kept the rec- 
ords the ties treated and used his road. His only com- 
pany which can furnish complete data the subject; and when the 
labor entailed considered, especially after preliminary tests have 
indicated the success the treatment, that there some confi- 
dence it, the more remarkable that has consistently and 
constantly devoted much his own time it, necessary 
insure its continuance. There can question the value 
these records the railroad, and the slight expense thoroughly 
Justified, and would be, even much greater than is. One the 
difficulties connection with the treatment ties the United 
States the near future likely this one proper records. 
Treated ties, like the untreated ones, will show great, and, the 
casual superficial observer, entirely unaccountable, variations 
life; and, unless possible determine definitely total averages 
the life secured from the ties, there are apt periods when those 
authority will conclude—from impressions, not records—that treat- 
ment failure and waste money. Even under favorable condi- 
tions, ties will develop eccentricities which will demand investigation 
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and expert consideration, the best results are obtained. This 
has been the case already several instances the United States and 
abroad, and more roads adopt the process and attempt let 
run itself, failures are bound occur, without the records which, 
properly kept, would indicate the cause and permit the remedy 
applied. 

All the treated ties the Southern Pacific Railroad, except the 
bridge ties, which are creosoted, are preserved the old original 
Burnettizing method, viz., the injection chloride zine only, 
with other treatment prevent the leaching out thereof. The 
use these ties was commenced the Texas and New Orleans road, 
part the Southern Pacific, Atlantic System, 1887, and until 
1891 they were treated the works the Houston and Texas Cen- 
tral Railroad, Houston, Texas; after that date, the plant the 
Southern Pacific road, erected near the same place. 

The operations this road are described very complete and 
thoughtful report made Mr. Kruttschnitt Mr. Mahl, Engi- 
neer Maintenance Way the Atlantic system, under date July 
9th, 1898. The following data are from this report, supplemented 
information letters Mr. Kruttschnitt; the quotations are from 
from the report: 

The timber treated long-leaf and short-leaf yellow pine from 
Eastern Texas and Western all sap wood, and, un- 
treated, has life only years, being the cheapest wood ob- 
tainable. The heart wood the same timber, untreated, would have 


felled all the seasons the year, and attempt made 
season it, either before cutting into ties after receiving the 
works, previous treatment.” However, treating the large 
number ties are called treat for this company and its 
affiliated lines, some timber necessarily must stored the works, 
and this receives natural seasoning some extent. When ties are 
treated some care taken charging the cylinders fill them 
nearly possible with ties the same age, secure uniform 
treatment; for green ties and ties which had been seasoned for 
months were subjected the same treatment, the percentage 
the seasoned ties would much greater than the ab- 
sorption the green ties.” 


The strength the solution chloride formerly used was 
the Beaumé scale, corresponding 1.7% chloride; and from 0.70 
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0.75% weight the pure chloride was injected. many ties 
shattered and split under traffic, was concluded that the strength 
and quantity the injection was too great, and this has been grad- 
ually reduced until the strength now represented and the 
quantity from 0.50 0.55 per cent. author’s opinion, this 
probably mistake. Table No. will noted that 206 
ties removed from six districts during years and months, 87% 
were rotten, and only 11% were removed because shattering. 
course the limiting line between decay induced shattering under 
the rail and that acting the tie generally difficult define, and 
these figures may not fairly represent the relative difficulties from the 
two causes. This trouble with shattering has been found elsewhere 
with different material and with very much higher strengths and 
larger quantities the chloride, without, however, developing into 
any very serious matter. The German practice some works 
use solution strong, and the specifications for treatment the 
Ruetgers Works require, case green close-grained wood, into 
which impossible inject the required amount solution 
strength, that this strength shall increased even 
secure the presence equivalent amount the zinc chloride 
all ties. The Chicago Works use times 3.8° solution and now 
inject chloride; and yet, out 000 ties treated, not one 
broken tie has been reported. The proportion those shattered 
pieces unknown, but believed small. 

The best German expert advice the effect that the change 
strength from entirely too small affect all the strength 
timber. the shattering any time exceeded nearly approached 
the destruction rot, was more probably due the use excessive 
heat impure chloride. 

few exceptions the treated ties have been used exclusively 
the main line between Houston and Paso, distance about 836 
miles.” Tables Nos. and give very complete data the life 
ties the Atlantic system, which includes the above. 

obtain the information regarding treated ties ‘‘it has been the 
practice the company stamp the ends the ties, immediately 
after treatment, with brass die giving the month and year treat- 
ment. foremen have been required put the stamped ends 


all ties upon the same side the track, that say, the right 
hand going from New Orleans Paso. Foremenare provided with 
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especially prepared blank which they are required report 
the end each month, the number treated ties the same date, 
removed them; also the causes removals these ties, that 
say, whether rotten, shivered broken, from miscellaneous causes. 
These are then forwarded the office the Engineer Main- 
tenance Way, where they are consolidated.” 


TABLE No. Tres Track, ATLANTIC 
Paciric JuNE 1897. 


Kind. Total number. Percentage whole. 

Creosoted ties, principally bridge ties. 804 0.7 
California red-wood, 5.8 


TABLE No. Renewats, System, 


Number ties Percentage Average per- 


Year. 


including sidings. kinds. use. for years. 

981.56 498 581 9.8 

946.86 589 969 11.5 

018.66 508 150 9.5 

025.22 410 153 7.5 

049.07 497 617 9.2 

063.18 495 287 8.8 

085.32 428 053 7.3 

192.87 431 628 7.0 
198.28 231 460 


For months only, from January Ist, 1897, June 80th, 1897. 


The figures for removals 1893 include the removals previous 
years, separate figures for which were lost. 

will observed from Table No. that nearly all the 1887 ties 
have been removed, whilst unusually large number 1888 have 
also been taken out. Our records for these years show that large 
percentage the removals was due the ties having been shivered 
and broken.” 

This attributed the fact that during the first few years the 
timber was overheated, the temperature the cylinders being 
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TABLE No. Tres RENEWED, YEARS, ATLANTIC SYSTEM, 


239 


These figures are for six months only, from January ist June 30th, 


Year Treated. 1887. 1888. 1889. 1890. 1891. 1892. 1893. 1894. 1895. 1896. 1897. 
No. treated 

ties laid 

Year re- Total 
moved. removed. 
Total number 

Number 

years laid 

track July 

maining 

track July 


times high 300° Fahr.; and also the strength the solution. 


The latter has already been commented upon. 


The average life 


the ties treated 1887, considering the 472 reported removed 
1893 actually coming out that year, years, the amount error 


from this assumption being small. 


the later years the average life 


the ties treated cannot now figured, many them are still 
service. the 1888 ties were still track after years’ service; 


the 1889 ties, after years’ service; the 1890 ties, 96% after 


years’ service. 


not claimed that the decrease the percentage renewals 


ties all kinds during the past years from average per year 


9.5% for the years 1887-91, average 7.24% for the years 1892- 


96, due solely the use the preservative process; but, the 


opinion Mr. Kruttschnitt, that important factor it. 


years ago became convinced that the greatest economies 
that could effected railroad operation would those effected 
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the treatment timber. From the year 1885 when assumed charge 
the Atlantic System, have been consistently working the policy 
using nothing but Burnettized creosoted ties redwood and 
cyprus. The California redwood, when protected against crushing, 
practically everlasting, and our statistics show the gradual increase 
the number what might call permanent ties, and gradual 
decrease untreated pine and oak. hope within the next 
years make the latter disappear entirely. The reduction the 
number ties renewed per mile due three causes: 

First.—Treatment timber. 

Second.—Reduction the use heart pine and increase the 
use redwood and cyprus. 

Third.—To tie plating.” 

Quoting again from Mr. Mahl’s report: 

The objection the Burnettized ties, have treated them, 
that moisture will dissolve the chloride around the ends and outer 
surface the ties, thus leaving outer shell unpreserved, the tim- 
ber the same having resumed its natural condition, which, for the 
class ties use, poor, indeed. The extent this washing out 
the dependent upon the annual rainfall, the quality and 
cross-section the ballast used and the efficiency the drainage.” 

The effects moisture the ties the different sections being 
merely conjectural, beginning 1896 the records were arranged 
permit each roadmaster’s district studied independently. 
The results far obtained can considered indicative only, but 
they are interesting. 

The Glidden District has length main line miles, begin- 
ning Houston, Tex., and extending west Itruns through 
low flat country, and ballasted with coarse gravel which extends 
ins. above the ties the center the track and slopes leave 

the ends the ties free. The ballast ins. thick under the ties. 
The average yearly rainfall Houston ins., which fair allow- 
ance for the entire division. 61}-lb. rail with 4}-in. base used. 

The San Antonio District joins the preceding Glidden and ends 
San Antonio, Tex. has length main line 121 miles. The 
profile undulating, the line crossing the drainage the country. 
rail, with base, used. The ballast the same 
for the Glidden District, and the roadbed well drained. The average 
yearly rainfall San Antonio 29.5 ins., and ins. can assumed 
the precipitation for the San Antonio District. 

The Del Rio District has main line 170 miles. The 
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profile undulating, and there are some grades per cent. The 
roadbed standard cross-section, well drained, and ballasted 
with coarse gravel. rail, with used. The 
rainfali for the District given the Government Report 
Climate, for 1896, between and ins. 

The Sanderson District has 138 miles main line, and runs almost 
entirely through country, with maximum grades and 
curves and 10°, respectively. The rail half and half 
There ballast, the ties lying the natural bed soil 
and rock. The rainfall less than for the Del Rio District, being 
given the Government report from ins. 

The Valentine District has 154 miles main line, through country 
the same character the Sanderson District. The rail about 
half and half The track ballasted for miles with 
fine gravel, and standard section. The rainfall given the same 
for the Sanderson District, but probably nearer the lower limit. 

The Paso District has 161 miles main line through country 
the same character the two preceding sections. The rail half 
and half There ballast. The rainfall light, 
and about miles the line through arid country; probably 
ins. precipitation would average for the District. The re- 
moval treated ties only, these various districts, for the 
months ending April 30th, 1898, given Table No. 


TABLE No. TIES AND CAUSES THEREOF 
FROM JANUARY, 1896, May, 1898. 


REMOVAL. 


Accidental 
No. Average life 
District. ties broken. ties 
removed. miscellaneous. removed. 
Per Per Per 
No. of. cent. No. of. cont. No. of. cent. 
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should noted that the average life given the table that 
the ties removed, and little value indicating the probable 
average life lot ties unless the ties have been the track long 
enough have covered the life the most durable; and instead 
furnishes only minimum life. illustrate this, Table No. 10, 
covering additional data for the first two districts, given. will 
noted that the average life the ties removed increasing 
steadily. The discrepancies the figures for the average life the 
two tables are due the first covering months, while the second 
the averages are for each year. 


TABLE No. From Two Districts, 


REMOVED FROM TRACK. AVERAGE LIFE REMOVED. 
Glidden District.| San Antonio District. Glidden District.| San Antonio District. 


months. 


Table No. the average life the Sanderson District much 
lowered account the large number removals due accidents 
and miscellaneous causes. Valentine and Paso Districts the 
average also lowered extensive rail renewals during the last 
years. Mr. Mahl’s opinion the relative difference life 
shown exist between the Glidden, San Antonio and Del Rio dis- 
tricts may reasonably taken representing the relative life 
ties for those districts.” Mr. Mahl states: ‘‘With few exceptions the 
treated ties have been used exclusively the main line between 


Houston and Paso,” being composed the Divisious previously 


described. comparing Tables Nos. and will seen that the 
average life all the ties removed all the divisions months 
ending July 1898, was years and and that July 
1st, 1897, all the ties laid years previously, 93% was still the 
track. 


The track work these districts during the period question 
consisted far only ordinary section labor engaged the repair 
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and maintenance the roadbed and track. For some years past, 
our repairs roadbed and track over the entire system have shown 
gratifying decreases each year, until, for the present year ending June 
30th, 1898, these repairs will not exceed $305 per mile main line for 
the part west Houston. This the lowest cost for repairs roadbed 
and track that has ever been obtained, and part attributable 
the increased percentage treated ties track.” 


The results Burnettizing were satisfactory the Atlantic 
System that plant was built 1894 for the Pacific system the 
Southern Pacific Company, and, the timber supplies were widely 
separated, for economy the entire works were placed wheels, and 
when change location necessary, the plant forms train which 
has successfully traversed 16° curves and grades. consists 
two retorts, ft. diameter and 114 ft. long, and has capacity 
ties hours. The total number treated ties 
the tracks the Pacific system, the end 1897, was 448 315, 
all but 012 which were placed subsequent 1894; consequently 
information yet available their life. This particular plant 
described paper* Curtis, Am. Soc. E., and was 
built under patents owned Messrs. Curtis and Isaacs, both the 
Southern Pacific Railroad. 

similar plant now under construction for Mr. Chanute, 
treat ties for the Chicago and Eastern Illinois Railroad. 


AND RECENT AMERICAN EXPERIENCE. 


From the preceding, the experience American roads with treated 
ties may concluded generally favorable. The Atchison, Topeka 
and Santa Railroad officials, after years’ trial large scale, 
believe they are getting from years’ service from mountain 
pine, having natural life about while from natural white 
oak they get but years heavy main line service; and from cedar 
years under light service. 

The Union Pacific Railroad reports about years for mountain pine 
and spruce. The Chicago, Rock Island and Pacific Railroad report 
the count ties now place, indicates life least years. The 
unimpeached counts removals prior 1894 show that that year 
the ties laid years previously was still track. The 
record the four sections just west the Missouri River, here fig- 


Journal the Association Engineering Societies, July, 1895. 
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ured, indicates life years. The experience the Pittsburg, 
Fort Wayne and Chicago Railroad with hemlock fand tamarack ties, 
only having been removed after years; and the Duluth and 
Tron Range Railroad, with white and Norway pine and tamarack which, 
after years’ service and after having been taken and relaid once, 
were still nearly perfect condition; furnish conclusive evidence that 
the treatment efficacious, and presumptive evidence that life 
years may expected. The discovery about the same number 
treated ties the tracks the Rock Island and Peoria Railroad, 
were laid 1891—at which time the last were how 
entirely mistaken were the that road the life 
secured from such ties, even under the unfavorable conditions existing 
drainage and ballast. 

The Southern Pacific Railroad, operating the most perishable 
material, with life only years the best, had 93% the ties 
treated and Jaid 1889 still the track after years. The record for 
the ties treated during the previous years was not good, for 
known reasons; however, those laid during 1887 gave years’ ser- 
vice, and the 1888 ties, was still use years later. 

The woods which have been treated and used for considerable 
time regular service are the mountain pines, firs and spruces, hem- 
lock and the sapwood the yellow pine. The woods used experi- 
mentally are the cottonwood, sweet gum, red and black oaks, beech, 
tamarack and Norway and white pine. other timbers which have not 
been tested, can expected that beneficial results will obtained 
from treating any wood which will take the treatment well; that is, into 
which the proper amount chloride can injected. This deter- 
mined the physical characteristics the timber, the size the sap 
ducts, the thickness their walls and the amount gummy sub- 
stance contained thesap. does not follow, however, that equally 
good service will secured from two materials, even they take treat- 
ment equally well. The table page 217 shows that the German 
practice their beech and pine are treated with the same quantity 
chloride, but the pine has years’ longer life, both are Burnettized. 
Treated with tar oil, the beech apparently the longer lived 
per cent. 

The German practice treat only thoroughly seasoned wood. 
This generally considered desirable America also, but seems 
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unattainable. Mr. Curtis, however, his paper describ- 


ing the practice the Southern Pacific Railroad, Pacific System, 
already referred to, states that freshly cut ties take the treatment 
much more readily than those partly seasoned; that the ties are 
freshly cut, they can get six charges through two cylinders hours; 
while partly seasoned, they get but five charges. 

find the time required varies greatly with the kind timber 
and with the time during which the ties have been 
fornia mountain pine, fir and spruce require less time than Oregon 
fir, and all timbers are more readily treated when freshly cut. 
Oregon fir tie seasoned the air for years will take double the 
time for the treatment required for one freshly cut. Occasionally 
close-grained, well-seasoned tie will not receive the preservative all, 
the fluid penetrating into the sides only about in.” 

While this statement probably correct for the particular timber 
treated, entirely contrary the practice other places, both here 
and abroad. already quoted the Houston works the Southern 
Pacific Railroad, ‘‘if green ties and ties which have been seasoned for 
months were subjected the same treatment, the percentage 


absorption the seasoned ties would much greater than the ab- 


sorption the green The Chicago Tie Preserving Company 


finds impossible get satisfactory work with freshly cut ties, 
whether hemlock, beech tamarack. During 1898 this company 
ceased operating entirely for nearly months, and piled 
the yard considerable expense for rehandling, permit them sea- 
son sufficiently take the preservative. 


These peculiarities timber, 
however, are not necessarily dangerous. 


simply necessary fit 
the treatment the material; and emphasizes two things: That such 
cost should allowed for treatment permit occasional 
exceptional without loss, and that persons entrusted with such 
work should above sacrificing the quality their work for small 
immediate gain. 

The Chicago Tie Preserving Company has very kindly given access 
all its notes and records, both routine and experimental work; 
and request has submitted the following statement: 


company has made experiments upon thousands 
ties. These were tried partly weighing individual ties before and 
after treatment the regular runs, ascertain the absorption; and 
partly, since 1894, special treatments experimental retort, 
holding three ties, wherein various methods could tested without 
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interfering with the regular runs. The the latter were two- 
fold: 

First.—To ascertain what modification the largest quantity 
chloride zine could injected without making the timber brittle. 
This has been attained, the amount antiseptic absorbed since 1896 
having averaged double that injected 1886, with what results re- 
seen, while not tie has been reported having broken 
the track. 

Second.—To ascertain whether the ties were proper condition 
treat, and the idiosyncrasies various woods. 

regards the conditions, has been found that ties delivered 
early the spring require treated differently than those arriving 
the late summer. Sometimes the former are quite unfit and must 
placed upon the ground season. This should preferably 
done cribbed piles (when there space enough) allow the air 
circulate between the ties. has sometimes done 
autumn, when the ties have been rafted floated out the 
vessels. 

Refractory lots hemlocks are piled upon the ground, and 
tested month month ascertain their condition, found that 
they gradually receptivity, that months they absorb 
two three times much upon their first arrival: This agrees with 
European experience, where ties are seldom treated less than year 
after being cut, but the reverse the experience Mr. 
Curtis, the Southern Pacific System California and Oregon,” 
quoted above. ‘‘The same claim was made Mr. Thilmany, who 
stated: prefer green timber; dry timber has steamed longer. 
Only live and sound timber can preserved.’ 

Perhaps these puzzling contradictions are due differences the 
character the woods treated, the time cutting. 

well recognized that natural woods are more lasting cut 
when the sap down. Summer-cut hemlock ties tested repeatedly 
the Chicago Tie Preserving Company only absorbed about half 
much those winter-cut, and was also found that some gum and 
pine ties cut Virginia, North Carolina and Georgia September, 
absorbed from two eight times much ties from the same woods 
April. 

most desirable, before treating tie, know when was 
cut, and ideal condition would have the ties identified 
the time their cutting, and treated the same order. 

After treatment all ties should allowed dry, always 
done Europe. Several lots were treated twice Chicago, having 
absorbed the first treatment but about 14% their weight. All 
this gain they lost months seasoning, and 12% more; and 
were then proper condition for second treatment. 
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regards the idiosyncrasies various woods, has been ascer- 
tained that hemlock and beech are much more refractory than pine, 
principally early the season; that white and burr oak should not 
Burnettized, but that black oak, red oak and water oak take the treat- 
ment very well, and will outlast Colorado pine. Cedar hardened 
the process, but not enough pay for the cost injection. Tamarack, 
like spruce, uncertain and variable wood. Some ties cut the 
same time, from the same forest, were found vary 
average absorption. This was attributed varying amount resin 
various trees, and after many experiments was learned distin- 
guish this difference the eye, but, was impracticable sort the 
trees before cutting them down, the injection tamarack was finally 
abandoned altogether. 

There were also great differences the absorption individual 
ties the same age and same species wood. Inextreme cases some 
will take eight times much their neighbors, and becomes 
serious problem how regulate the injection. will not treat 
all kinds wood alike, and, when new species comes the works, 
deal with it. 

operations the works are, course, controlled 
elaborate system measurements and accounts, that known 
accurately how much the antiseptics are absorbed each run of, 
say, 400 ties, but not known how much each individual tie has 
taken, save special experiments. Changes are contemplation 
circumscribe this uncertainty, and this, well other details, 
shall have profit the experience the Europeans, who have 
been preserving ties for about years, and have materially improved 
upon their original methods.” 

examining the records tie treatments necessary rec- 
ognize the fact that the life the exceptional tie, whether long 
short, value, except curiosity, and containing possible 
lesson detail. instance, tie was exhibited the Paris Ex- 
position 1889 which had lasted years the track one the 
French railways. had been prepared the sulphate copper 
(Boucherie) process, but nevertheless this process has been generally 
abandoned favor others. far the value treatment itself 
concerned, such records individual ties may worse than use- 
less, leading expectation length life which cannot 
attained the average, discouraging the investigator without 
reason. The valuable thing the average durability, and this only 
can any results real value obtained. 
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The author has been impressed, while reading the statements 
years ago, with the fact that the advocates preservative methods 
claimed too much. The life treated ties was unhesitatingly put 
years, limit which the occasional tie has reached, and which in- 
deed, under favorable circumstances, the foregoing records show have 
been reached considerable number ties, and which, with 
future treatment, the operators become more skilful the selection 
material and its application, perhaps the average life may approach. 
The record commercial use the United States has failed reach 
any such period, and entirely unnecessary that should, make 
the treatment desirable and economical. 

The author believes his investigation has demonstrated that the 
cheaper woods, hitherto unused, are made fully durable more dur- 
able than white and burr oak, Burnettizing; and this fact suffi- 
cient make the adoption the treatment desirable for many roads, 
indeed may not said for American roads generally. 

One point this inquiry has not solved the relative advantages 
the Wellhouse process, and the old method Burnet- 
tizing, using nothing but the zine chloride. This hinges upon two 
points: The solubility the chloride when deposited the wood, and 
the efficiency the chemical action between the glue and the tannin, 
required form the particles leather which are supposed plug 
the ducts. the first, there general evidence that part 
the chloride can washed out the timber, although not easily 
done. Mr. Isaacs, the Maintenance Way Department 
the Southern Pacific Company, paper* states: 


The author thinks this objection greatly exaggerated. has 
attempted leach this chloride out timber with running water, 
but could extract only insignificant proportion, even when the 
timber was fine shavings. chloride could not taken out 
chips from treated timber boiling repeated changes water. 
leaching takes place, certainly very slowly.” 


The above applies wood treated with the chloride only. Unfor- 
tunately, this railroad was unable furnish any chemical analyses 
treated timber which had been service for number years. That 
the chloride gradually leached out material treated the zinc- 
tannin process probably true. number analyses timber 
after years exposure shows considerably smaller quantities zinc 


Thirteenth Report the California State 1896. 


Papers.] CURTIS PRESERVATION RAILROAD TIES. 249 


than believed they originally contained. One such instance has 
been given connection with the Union Pacific ties, where only about 
one-fourth much the chloride was found was generally 
injected. The evidence hand would absolutely conclusive 
were possible know how much the ties analyzed con- 
tained originally; but this not the case, the amount absorption 
sible go; and possible that the tie analyzed might have been one 
which was refractory and took very little when treated. Ifsuch had been 
the case, however, the tie would probably have been short life; and 
safe conclude that after certain number years, depending 
upon the rainfall and the efficiency the track drainage, the amount 
further value, whether the treatment with zinc alone com- 
bination with the glue and tannin. 

the claims for the formation the artificial leather the 
tannin treatment are correct, and understood that this verified 
microscopic examination, probable that the leaching delayed. 
That the treatment does not prevent the passage moisture into the 
wood evidenced the rapidity with which the treated timber sea- 
sons, well the loss the zinc shown the analyses. The 
results future the Atchison, Topeka and Santa Railroad may 
determine the relative advantages these two systems, there are 
large numbers ties now use there treated each. insure the 
greatest success either, however, believed that the injection 
large amounts chloride must practiced, and, generally, this can 
done only using timber least partly seasoned; and the sub- 
sequent partial seasoning before being placed track. 

Granting that certain woods may take the antiseptic sufficient 
quantities even treated green, that may not accurate say 
that necessary good work that least partly seasoned wood 
should treated, there are certain other conditions which can 
said good work. These are pure zinc, pure acid, 
the absence any free acid the chloride solution, the use heat 
not exceeding 250° the retorts, and sound, live timber operate 
on. treat dead dozy wood waste time and chemicals. 
Chloride zine apparently has power stop decay which has 
already begun, and doubtful any treatment better that 
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respect. these may added faithfulness and integrity high 
order the part those operating the works. 

The output and profits plant can very largely increased 
the lack the last, andthe results such lack will not apparent 
until years afterward. 

make the later identification the ties certain, that the life 
realized can determined, believed that nothing will prove satis- 
factory the use dating nails, which are nails with large heads 
which stamped the current year, and which are driven the center 
the top surface the tie when laid. The cost such nails but 
small, and they are more accessible and certain than any substitute. 


The author regrets that cannot furnish very much the foreign 
practice recent date. France and Great Britain, the creosote 
process used almost exclusively. The Burnettized timber was ap- 
parently not satisfactory. Creosote comparatively cheap, and the 
increased life ties treated considered worth the. additional 
cost over Burnettized ones. 

The roads the German Railroad Union, however, use very gen- 
erally, either zinc chloride combination the chloride and creo- 
sote, well creosote alone. Impregnation with the chloride alone 
has decreased while that with the mixture chloride and creosote has 
largely increased. Beginning 1895 all the pine ties used the 
Prussian State railroads were treated the zinc creosote process. This 
consists the injection the same amount zinc chloride, with which 
mixed creosote, the amount the cubic foot timber; 
the mixing being done peculiar process. claimed that the 
results this treatment are much superior those with zinc chloride 
alone. 1885, the Ruetgers Works furnished one road with 171 000 
pine ties treated with creosote, 9-year guarantee. 1894, 
the end the years, only twenty-nine had become unfit for use 
and none these was rotten. Mr. Chanute about Ger- 
many investigate this process, and hoped that may able 
contribute the necessary data the discussion this paper, 
that the value the treatment may determined. The additional 
cost over the regular Burnettizing process varies with the price 
creosote, but about per tie. The zinc tannin process has 
never been used outside the United States. 
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The Ruetgers Works treat ties Burnettizing the following speci- 
fications: The solution zinc chloride Beaumé strength 
temperature 14° Réaumur. Ties and timber are treated 
until the absorption seasoned timber for 


the amount liquid required cannot injected the manner 
prescribed because the wood too green exceptionally dense, 
the liquid strengthened such manner that the proper 
amount water-free chloride zinc taken prescribed, namely, 

From this follows that when, for instance, only 200 kilograms 
can introduced into cu. pine wood, the chloride 
bath must made 43° Beaumé.” 


The German report railroads previously referred gives cer- 
tain tables from which the following are obtained: 


TABLE No. 11.—Costs anp Woop PRESERVING FOR THE 
GERMAN RAILROADS FOR 1896. 


TREATED WITH CHLORIDE ZINC. 

Cts. Cts. Cts Cts. 


From Table No. will seen that 1896 about 60% all the 
wood ties the tracks was impregnated some way; and that all 
the increase number ties track over 1894 was the treated 
ties. Unfortunately, impossible determine the number treated 
each process use these roads, and the figures are value 
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only indicating the general use treated timber preference 
the crude. 

matter interest, line added showing the amount 
track laid with metal ties sleepers. 


TABLE No. THE THE UNION GERMAN 
ADMINISTRATIONS FOR THE 1896, 1895, 1894. 


Se. 
— 
| 
are: 
Designation 
| 
i=] 


1896 279 248 882 947 827) 568 378 834 734 291 805 
1895 635 283 867 775 786 427 626 304) 160 102 
1894 353 132 936/32 241 829 802 041 788 297 868 


127 817 448 749 417 704 
128 951 907 979 921 967 


German, State 
and 
roads 
etherlands 
other 1895 281 293 
Union roads. 
Austria, Hun- 
gary 


1894 556 370 


Cost TREATMENT. 


not proposed enter into any discussion the economy of, 
the savings effected by, the use treated ties. This some- 
thing which will vary with almost every road, being governed the 
cost white oak ties, cost the inferior tie treated and location. 
has been attempted determine what can expected from the 
treatment and with the cost thereof given below, can readily be- 
termined which the cheaper—a white oak treated tie, and, the 
author’s judgment, that what the question resolves itself into. 

Apparently the evidence conclusive that treated tie superior 
white oak; but, only equal toit, the basis cost most 
locations the treated tie will prove the more desirable. 

The cost Burnettizing sawed pine ties ins. ft. the 
Southern Pacific 1893, was about each; while in1897 
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was little over cents. This includes nothing for interest the 
investment, depreciation; however for very small tie, con- 
taining only cu. ft.; and for amount zine chloride only about 
one-half that required the German practice. the basis the 
cost 1897 (which amounts cents per cubic foot), the use the 
standard German quantity injected and hewn tie cu. ft., 
this cost would about cents per tie, cents per cubic foot, 
including nothing for interest depreciation. 

the Atchison, Topeka and Santa Railroad the cost the zinc 
tannin treatment, when the works were first built, was about 
cents; 1892 was about cents and cents for Burnettizing 
chloride only). 1897 the cost (zinc-tannin) was reported 11.6 
cents; interest depreciation being included. understood 
that the charge made the Chicago Tie Preserving Company from 
cents for the zinc-tannin treatment, covering, course, in- 
terest and depreciation well profit. 

The contract prices Germany for Burnettizing are: For pine and 
beech, cents per cubic foot, and for oak, cents; for treating with zinc- 
creosote, cents for beech and pine, and cents for oak; for creosot- 
ing, cents for beech and pine, and oak. creosoting, 
the amount creosote per cubic foot for pine, lbs. for 
beech, and lbs. for oak. understood that the oak referred 
corresponds American white oak and not the American red and 
black oaks, which will absorb much either pine beech. 
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While employed the original Genesee storage investigation 
1893, the author made study the available material for the con- 
struction high dam the Genesee River, near Mount Morris, 
Y., the study including the fabrication 173 blocks concrete 
cubes ft. each; the cement used, including Cumming’s Natural 
Buffalo cement, Newman’s Akron, Bangs and Gaynor’s Fayetteville, 
Norton’s Rosendale, Millem’s Wayland Portland and Saylor’s Portland. 

Tests were made, the same time, the voids the local sand 
and the different stones used aggregates, and also the tensile 
strength the several cements. The results these tests may 
found Appendix the Annual Report the State Engineer and 
Surveyor New York, for the fiscal year ending September 30th, 1894. 

1896 further tests were made, which included the fabrication 
544 additional concrete foot-cubes, the cements tested including Whit- 
more, Rauber and Vicinus’ Genesee brand, Millem’s Wayland, the 
Glens Falls Portland Cement Company’s Iron-Clad brand, the Empire 
Portland Cement Company’s Empire brand, the Silica Portland 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published the volumes Transactions. 
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Cement Company’s Champion brand, Cumming’s Buffalo Portland and 
Cumming’s Buffalo Natural. The detail this second set tests 
may found the Appendix the Annual Report the State Engi- 
neer and Surveyor New York, for the fiscal year ending September 
30th, 1897, which reference may made. 

Tables Nos. and embody certain results the second series 
tests made 1896, which, large extent, are not included the 
report the State Engineer, and which have seemed the author 
possible interest the members the Society. They are, there- 
fore, submitted for comment and criticism. 

The following explanations are condensed from the author’s report 
the State Engineer these tests. 

The leading ideas the tests made 1896 were: (1) determine 
the strength concretes fabricated with either dry mortars, plastic 
mortars mortars with excess water; (2) determine the effect 
concrete exposure the weather; and (3) determine the rela- 
tive value for use concrete the Portland cements manufactured 
the State New York. The various qualities mortar used are 
designated the words dry,” plastic and excess.” dry 
blocks the mortar was only little more moist than 
the plastic blocks the mortar was the ordinary consistency used 
masons. the excess blocks the water was far excess that the 
concrete quaked like liver, under moderate ramming. 

The serial number Table No. represents complete series 
designated the Arabic numeral and the letters ‘‘a,” and 
Table No. the concrete report.* Thus, way illustration, 
Table No. the report; Series Table No. represents blocks 
the several columns Table No. are self-explanatory. The blocks 


were broken the large Government testing machine the Water- 
town Arsenal. 


referring Table No. the report concrete the Annual Report the 
State and Surveyor New York, for 1897, will observed that the blocks 


were made series four. Those designated the Arabic numeral were placed 
water when taken from the molds, and allowed remain until December 1896, when 
they were buried sand, where they remained until taken out for shipment January 
10th and 1898. Blocks marked with the Arabic numeral and the letter stood 
cool cellar from the time taking from the molds until shipped. with 
the Arabic numeral and the letter were placed open air when taken from the 
molds, and exposed the weather until shipped. Blocks marked with the Arabic 
numeral and the letter were placed open weather when taken from the molds, 
covered with burlap and wet with water several times day until November 1896, 
after which time they took the weather came, until shipped. 


255 
> 
4 
7 
q 
4 
| 
By 
ti 
— 
— 


256 RAFTER THEORY CONCRETE. [Papers. 


The formulas which the quantities columns (14), (17), (18) and 
(19) have been calculated, are follows: 


FoR (14). 


crete, crete, mortar, mortar made; 
or, Column (14), Column (11), Column (7), Column (9). 
FoR (17). 

Number volumes 
cement, 

or, Column (17), Column (9), Column (7). 
FoR (18). 

or, Column (18), Column (12), Column (14), 
For (19). 

Number volumes 
cement used, 


or, Column (19), Column Column (14). 


reference column (10) Table No. the author holds that 
erroneous nomenclature has considerably obscured the theory and 
practice concrete work, much that very few contractors and 
engineers have other than exceedingly general ideas the real 
theory what effect very simple matter, there being, indeed, 
very little necessary except insure the filling the voids the 
aggregate material with mortar. the author’s opinion, therefore, 
the proper form expressing concrete relations not parts 
centage the volume stone, the percentage figure used being large 
enough represent little more than the voids the stone after 
thorough ramming. The chief object this paper, therefore, 
point out: (1) The relation existing between the old nomenclature 
and the new, proposed the author, and, (2) present brief 
résumé the results given detail the report the State Engineer 
and Surveyor. 

Table No. the series have been arranged for the different pro- 
portions cement experimented upon with reference the consistency 
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the mortar, the proportion sand and cement and the percentage 
mortar actually used each series. Thus, the first part Table No. 
find compared the Genesee, Wayland and Champion cements for dry 
mortars with the proportion sand cement and the mortar 
33% the aggregate. the second division No. the same 
cements are compared with reference plastic mortars, other con- 
ditions remaining the same; and the third division they are com- 
pared with reference excess mortars, other conditions remaining the 
same, and on, through this table the summary. 

Column Table No. gives the serial number, the figures there 
appearing corresponding not only Table No. this paper, but 
also Table No. the report the State Engineer and Surveyor; 
columns (3), (17), (18), (19) and (20) this table are the same the corre- 
spondingly numbered columns Table No. this paper. Column 
Table No. gives the percentage shrinkage due ramming. 
Thus, column (18) represents the actual quantity stone used, and 
column (19) the actual quantity concrete obtained from mortar 
and stone per columns (17) and the case the Genesee, 
Wayland and Champion brands, mortar, 33% the aggregate 
was tried; this shrinkage found be, mean, 9.39; for the same 
cements plastic mortar, other conditions the same, the shrinkage 
and for excess mortars, 9.2 per cent. Broadly, may said, 
therefore, that for mortars, using the aggregate, with 
through ramming, about shrinkage may expected. the same 
way with mortars, 40% the aggregate, about shrinkage 
may Similar relations, which may traced through the 
entire series tests, are conveniently summarized Table No. 

will noticed studying Table No. that few the results 
are somewhat irregular. this point the author can only say that 
very thorough precautions were taken have the results reasonably 
accurate. irregular results are largely due occasional 
variations the quality the broken stone used for these tests. 
There were also some variations the sand, the weight per cubic 
foot varying from about 86.5 93.5 pounds. far the author 
can see, there way avoiding such variations except deter- 
mining the voids the aggregate material for every series blocks 
and actually drying the sand uniform consistency. may 
pointed out, however, that such procedure would defeat the 


; 
a 
| 
ae 
ae 
; 
§ 
q 
q 
| 
5 
4 
| 


258 RAFTER THEORY CONCRETE. [Papers. 


chief object for which these tests were made, namely, work out 
methods procedure which could conveniently applied prac- 
tice without unduly adding tothe cost concrete. point 
view the author considers the tests here discussed exceedingly satis- 
factory. They are the fullest sense practical results which may 
carried out work anybody who will give the theory concrete 
moderate study. 

may further pointed out that columns (15) (19) Table 
No. furnish ready means computing the proportionate parts the 
ingredients for any given volume concrete. 

Many other details could given, but inasmuch the object 
this paper merely call attention the real points issue 
concrete fabrication and not repeat statements already print 
the place cited, all details other than those actually necessary for 
understanding the tables this paper have been omitted. The 
sults are, therefore, submitted the hope that they may finally lead 
more rational concrete practice. 
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Serial number. 


Consistency mortar. 
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Q 
Sand actually used, 
r,cement 
Mortar actually used 
concrete shown column 
(13). Cubic feet. 
Concrete actually made| 
feet 
Mortar. 
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TABLE No. 33% THE AG- 
GREGATE COMPARISON WITH BLOCKS WHICH THE MorTAR WAS 
40% THE AGGREGATE. 
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Serial 


Brand cement. 


(3) 


Champion 


Wayland 


Genesee 


Champion..... 
| 
Means 
Genesee............ 

Champion......... 


Mean 


mate 
Mortar. Stone. Concrete. each series, 
pounds 
per square 

inch. 


Dry 1:1 


1.88 5.51 5.01 9.1 
Excess 1:1 33% 
Dry 1:1 40% 
1:1 40% 
1.67 4.12 4 128 
1.66 4.16 8.77 608 
Excess 1:1 40% 
1.67 4.16 8 191 
1.%5 4.37 4.05 caadwoewewes 3 256 
1.68 4.20 196 
Dry 1:2 
2.40 7.14 6.90 852 
2.19 6.62 2 888 
2.64 8.04 2 777 
2.49 7.50 6.80 265 
2.42 7.29 6.74 


1.50 4.50 4.08 267 
2.17 6.50 5.90 
4 
| 


TABLE No. 


1:2 
Excess 1:2 
2.21 6.62 6.06 
2.68 7.50 6.80 
2.48 7.50 6.80 
Dry 1:2 40% 
Genesee... 2.58 6.54 
Wayland 2.54 6.35 5.87 
Ironclad 2.50 6.25 5.78 
Empire... 2.52 6.33 5.87 
2.06 5.18 4.90 
Means.... 2.44 6.11 5.79 


1:2 40% 
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Dry 33% 
8......./Genesee... 2.97 065 
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TABLE No. 2—(Continued). 
Excess 1:3 
3.12 9.37 8.50 723 
Dry 1:3 40% Mortar 


Excess 1:3 40% 


Wayland........... 3.38 8.34 

Empire..... 8.44 8.58 8.00 
8.65 

Dry 1:4 

4.00 12,19 11.79 

4.24 12.86 11.66 

4,24 12.85 

4.26 12.85 11.65 

1:4 

4.28 12.86 11.70 

12.85 

4.38 13,24 12.00 


J 
9.9 
767 
488 
10.0 
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TABLE No. 2.— (Concluded). 


Dry 1:4 40% Morrar. 


52...... |Wayland..... 

Empire... 


Empire... 


4.34 10.90 10.16 828 
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TABLE No. 


Plastic.... 


Per Col. Col. 
Table shrink- Table Table 
No. age. No. (2). No. (2). 


Col. Col. 
(18) of 
Table 

No. (2). 


Col. Per 
(19) 
Table shrink- 
No. age. 


9.3 
9.1 
9.2 


DID 


wo 2929 


6.74 


7.4 
9.1 


Aan 


6.36 9.4 


Aan 


11.66 


11.78 


ay 


/ 
aryl 
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STREET GRADES AND CROSS-SECTIONS 
ASPHALT AND CEMENT. 
Discussion.* 


Evans, Jun. Am. Soc. E.—Judging from the speaker’s ex- Mr. Evans. 
perience street work New York City, the double curve would find 
little place usefulness there; the objections already mentioned 
the discussion being sufficient exclude it. One objection, how- 
ever, which has not been mentioned and yet grave importance, 
the impossibility keeping such step sanitary condition, 
would afford convenient repository New York City 
the custom place hydrants, lamp-posts, fire-alarm posts, etc., very 
near the curb. the double-curb arrangement these would natur- 
ally set the tread the step, and the space around them would 
soon become filthy and unsightly. would more difficult keep 
the step clean than the gutter, large flow would ever reach the 
step cleanse it, while flushing and rains would thoroughly cleanse 
the gutter. 

The methods outlined Mr. Tillson are much more advantageous 
than those described the author, and this particularly true 
the method making the step the stoop area line. 
common sight see house the low-basement style where there 
are four five steps leading the basement floor, and from eight 
twelve leading the first floor. When these houses are located 


*Continued from March, 1899, Proceedings. See February, 1899, Proceedings for 
Paper, Robert Woods, Jun. Am. Soc. E., this subject. 
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the higher side the street, the speaker can see reason why the 
sidewalk could not depressed from ins., thereby doing away 
with one two the steps down the basement floor and adding them 
the steps the first floor. This increase the number steps 
the first floor might considered objection, but hardly serious 
one, the same block the number steps often varies from three 
four would seem that could, therefore, easily ad- 
justed. business blocks, where there longitudinal grade, 
the custom provide series steps the coping the area wall 
which vary from nothing the upper end even ins. the 
using practically the same method transverse grades, providing the 
whole street can improved thereby, and manifest that many 
streets could improved this manner. 

Numerous petitions are made residents for improved pavements, 
yet, far the speaker knows, very few the petitioners are will- 
ing submit even the slightest inconvenience for the sake 
improvement, much less would they likely submit any lower- 
ing the sidewalk, anything that would touch their pocket-books. 
The speaker knows instances where was even impossible without 
process law get owners make the slight repairs their side- 
walk made necessary setting newcurb. would seem, there- 
fore, that some form legislation would necessary order pro- 
vide for these adjustments, repaving street. 

The speaker recalls instance where catch-basin was left 
stranded the summit pyramid changing the cross-section 
the street that intersection. This was caused difference 
some ft. the curb levels. The cross-section the new pave- 
ment was the already mentioned line with crown.” 
What the old cross-section was, the speaker does not know, but re- 
members that from ins. material was removed from the old 
crown, reconstruction. This left the catch-basin its exalted posi- 
tion which was determined the unchangeable law the sidewalks. 
Had the authorities been able carry the improvement the prop- 
erty line, step the area line would have solved the difficulty, im- 
proved the street, and kept the drainage from flooding diagonally 
across the street, deluging the cross-walks and overflowing the shallow 
gutters the lower side the street. 

interesting question presented the method taking care 
street drainage mentioned Mr. Owen, cases where under- 
trolleys are operated, for the that much, not all, the water 
will flow into the slot and, doubtless, cause much trouble and annoy- 
ance operation. whether city can construct its streets 
make storm sewer out under-trolley conduit probably 
question for the courts. Granted that has such right, seems 
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hardly fair citizens and patrons the road, say nothing the Mr. Evans. 


company, that they should subjected the inconvenience and irri- 
caused improper city drainage. New York City, where one, from 
necessity rather than choice, must live far from business, and depend 
upon street railways for transportation, the latter should considered 
necessary adjunct business rather than necessary evil. 


Am. Soc. E.—The problem street grades Mr. Harley. 


and cross-sections is, perhaps, one the first that confronts city 
engineer, and one which, between his own judgment and the 
wishes the various property owners, likely find trouble. 

considering the subject, great difference should made the 
treatment business and residence streets. Good renting property 
business streets should provided with such sidewalk grades 
front the various stores cause the pedestrian literally roll 
into the store may passing. such thing step should 
ever provided near the building line, but the grade the side- 
walk not flush with the floor level, the entrance the store should 
and cast-iron foot-plate, connecting the two elevations, 
should set in. business streets would not objectionable, 
were found absolutely necessary, maintain sidewalk grade 
even ins. above the gutter. know that when this the case, 
the street, rather the original surface the ground, has invariably 
hill-side cross-section, and each end the block the grade in- 
tersecting streets would make tread from the sidewalk the gutter 

the writer’s observation that store-keepers prefer this high 
curb, requires pedestrians, ladies especially, promenade the 
full length the block and pass other stores, while intending 
visit only one Then, again, the facility for unloading, 
already mentioned Mr. Owen, point well made. 

municipal engineer should always remember that the great ma- 
jority the citizens walking over astreet surface not carry their 
heads eye, and, long the water does not remain 
the surface, they could not tell which way the water flowed after the 
rain had ceased, and especially could they not detect hill-side cross- 
section, e., one which the summit has been shifted from the center 
toward the higher side, nor warped surface that runs out 100 
200 ft., spoken Mr. North. Differences elevation the sur- 
face the street paving proper, rule, are not detected, even when 
the water the gutters each side the street runs opposite 
directions for short distance, might the case the intersection 
streets that had grades say, ins. and ft., respectively. 

The writer holds, with Mr. Tillson, that street should always 
have some crown, allow wear the surface, which 
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Mr. Harley. always most the center, provided there electric railroad 


the street. the other hand, narrow business say, 
ft. width, occupied for more their width the center 
two electric street railroad tracks, the writer’s opinion, 
open question whether would not desirable throw all the water 
the center, provided could collected and carried off, would 
the only moving thing that would not meet its death being run 
over crossing the track; while the surface the street close the 
curb line would more available for vehicular travel; fact, this 
gutter space would gained. street railroad, especially one 
which the use the ordinary T-rail permitted, the paving between 
the rails given crown of, say, in.; thus little streamlets are 
formed and are compelled run the entire length the longitudinal 
grade the street, which bad for both the railroad and the pave- 
ment, almost impossible make water-tight joints between 
the rails and the adjoining pavement. the adoption central 
gutter the necessity for making these joints absolutely water-proof 
avoided. Were not for the appearance the writer would like see 
the paving between the rails concaved, instead convexed, and cast- 
iron gratings having the same concavity placed over catch-basins 
built the center the track the required intervals. 

The writer does not think would very much ask street 
railroads using the underground electric system, make provision 
their conduits carry off the surface water that might led into 
them this manner. 

Another point is, that while very large majority people, 
walking driving over street, not notice the grades con- 
tinuous asphalt surface, already stated, they readily detect the 
difference the height the curbs the street over which they are 
therefore, advisable all residence streets make the height the 
exposed curbing the same both sides the street, even though the 
warped surface.” 
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CONTENTS: 
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MINUTES MEETINGS. 


THE SOCIETY. 


May 1899.—The meeting was called order 20.50 o’clock, 
Vice-President Edward North the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

The minutes the meetings April 5th and 19th, 1899, were ap- 
proved printed Proceedings for April, 1899. 

The Secretary presented paper John Hill, Am. 
E., entitled Tests Bituminous Steam Coals,” and 
the subject was discussed Messrs. William Kent and Herfry 
Meyer, Jr. 

The Secretary announced the following deaths: Francis 
elected Member August 7th, 1872; died April 10th, 1899. 
Swan, elected Member March 16th, 1870; died April 17th, 


1899. elected Member September Ist, 1886; 
died April 26th, 1899. 
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Announcement was made that the following candidates were 
elected the Board Direction, May 2d, 1899: 


ASSOCIATE. 


JUNIORS. 


Baxter, New York City. 
Rosert Duncan Jr., Pa. 
GowEN, Pa. 

Don ALEXANDER Little Rock, Ark. 
Henry New York City. 
ELBERT Macy, Marshalltown, Iowa. 
CHARLES STERLING Indianapolis, Ind. 

JAMES WILLIAM SKELLY, St. Louis, Mo. 


Ballots were canvassed and the following candidates declared 


MEMBERS. 


FRANKLIN ALLEN Watertown, 
WAYNE von LEER, Havana, Cuba. 
Key West, Fla. 
Wilmington, Del. 


MEMBERS. 


ALFRED Pancoast Jr., Honolulu, 
JAQUELIN Braxton, Key West, Fla. 
Frep Moscow, Idaho. 
Mason, New York City. 
FREDERIC VERNON Morristown, 
Henry Wray Preston, Athens, Pa. 

Stewart New York City. 
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The Secretary announced that the meeting the Board 
Direction May 2d, 1899, the ballot the reconsideration 
Messrs. Furber and Miller were declared elected Members the 
Society. 

The Secretary announced that arrangements for the Annual Con- 


vention are being perfected, and circular will soon issued giving 
information regard the matter. 


Announcement was made that, owing the usual mid-month 
meeting June occurring only few days precedin the week dur- 
ing which the Annual Convention will held, the Board Direction 


had decided that meeting the Society will held June 
1899. 


Announcement was made that the Board Direction had author- 
ized the holding meetings the Juniors the Society the 
second Wednesdays May and June. committee the Juniors, 
consisting Messrs. Evans, Evans and Knap has 
been appointed propose subjects for discussion, and attend such 
other work necessary connection with these meetings. Notice 
the subjects selected will issued all Juniors the Secretary. 


Adjourned. 


May 17th, meeting was called order 20.45 o’clock, 
Vice-President Edward North Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

paper Walter Curtis, Am. Soc. E., entitled The 
Artificial Preservation Railroad Ties the Use Zine Chloride,” 
was read the Secretary, who also presented written communica- 
tion the subject from Mr. Boggs. The subject was discussed 
orally Messrs. Oscar Lowenson, Haines and Edward North. 


Adjourned. 
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THE BOARD DIRECTION. 
(Abstract.) 


May FitzGerald the Chair; Charles Warren 
Hunt, Secretary, and present, also, Messrs. Bensel, North, Owen, 
Ricketts, Thomson and Schneider. 

Routine business regard publications and the work the 
library was transacted. 

The question exhibit, under the auspices the Society, 
the Paris Exposition 1900, was considered. 

Reconsideration ballots were canvassed, and William Copeland 
Furber and Charles Henry Miller were declared elected Members 
the Society. 

progress report from the Committee charge arrangements 
for the Annual Convention was received. 

The Secretary reported that suit the Society for exemption from 
taxation had been successful; that the taxes for 1898 had been cancelled 
record, and that the exemption would probably hold future. 

The resignation Darlington Member the Society 
was accepted. 

Meetings the Juniors the Society were authorized held 
the second Wednesdays May and June, 1899. 

was decided that meeting the Society held the third 
Wednesday June, 1899. 

Applications were considered and other routine transacted. 

One candidate for Associate and eleven for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


House the Society open every day, except Sunday, from 
o’clock. 


MEETINGS. 


Wednesday, June 7th, 20.30 o’clock, regular business 
meeting will beheld. Ballots for membership will canvassed, and 
paper George Rafter, Am. E., entitled the Theory 
Concrete,” will presented for discussion. This paper was printed 
the April number Proceedings. 

accordance with the resolution the Board Direction there 
will meeting the Society Wednesday, June 1899. 


JUNIOR MEETINGS. 


May 10th, 1899.—A meeting Juniors was held, Evans, 
Jun. Am. E., the chair, and present also twenty-two Juniors. 
The subject for the evening was Connection with City 
Work,” and brought out interesting discussion. 


June 14th, 1899.—There will meeting Juniors the Society 
for informal discussion subject subsequently announced. 


ANNUAL CONVENTION. 


Time and Place.—The Thirty-first Annual Convention will held 
the Stockton Hotel, Cape May, J., June 27th 30th (inclusive). 

Meetings.—A meeting the Board Direction will held during 
the Convention, required the Constitution. 

There will Business Meeting held during the Convention, 
which members the Nominating Committee will elected, and the 
time and place for holding the next Annual Convention will con- 
sidered. Reports Special Committees may also presented. 

one the meetings the President will deliver the Annual 
Address. 

one evening Col. Chas. Raymond, Am. Soc. E., will 
address the Society the subject Breakwater Construction; 
the address will illustrated with lantern slides. 

Meetings will also held for the discussion the following pro- 
fessional papers and subjects: 

Papers and Subjects for Discussion.—Under the rule recently 
adopted the Board Direction, discussion will order the 
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following papers and discussions which have been printed Proceed- 
ings since January 1899: 


The Accuracy and Durability Water Meters.” 
Approaches and Transportation Facilities the Paris Expo- 
sition 1900.” 
Grades and Cross-Sections Asphalt and Cement.” 
Criterion for Position Loads Causing Maximum Stress 
Any Member Bridge Truss.” 
Docks—Stone vs. Wood.” 
Tests Bituminous Steam Coals.” 
Artificial Preservation Railroad Ties the Use Zinc 
the Theory Concrete.” 


addition the above, the following subjects have been selected 
for informal discussion. Members who are unable attend the Con- 
vention are invited send written communications any the 
subjects, for presentation the meetings. 


(1) Should the use the method Wheel-Concentrations discon- 
tinued determining the Stresses Railroad Bridges? 

(2) view present knowledge the Effect Repeated Applications 
Load, should Fatigue Formulas used Bridge Design? 

(3) (2) Should Stream Contamination the Sewage Cities ab- 

solutely prohibited law? 

Should the Purification the Sewage Cities compulsory; 
and this feasible for Large Cities? 

Filtration the coming solution the Pure-Water Question 
for Cities? 

(4) What the Proper Friction Coefficient for use the design 
Riveted Steel Pipe? 

(5) What are the economic conditions under which Electricity may 
profitably substituted for Steam the operation Branch 
Railroad Lines, and what are the engineering requirements 
considered such substitution? 

(6) What the present development the so-called Telferage System 
for moving either Freight Passengers? What are the condi- 
tions under which that System preferable movement 
Rail, and what its adaptability still further application 
competition with Rail Lines? 
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Transportation.—Through the courtesy the Pennsylvania Rail- 
road and the Philadelphia and Reading Railway Companies the following 
arrangements have been effected: 

special train will leave Jersey City, Monday, June 26th, 1899, 
early hour the afternoon over the Pennsylvania Railroad 
Camden and thence Cape May, arriving time for dinner. 

For members from the West and South, transportation between 
Pittsburg and Philadelphia, and between Washington and Philadelphia, 
will furnished the Pennsylvania Railroad. 

the Philadelphia and Reading Railway will leave Cape May for Phila- 
delphia, where various points interest will visited and lunch 
served. The New York party will return special train furnished 
the Philadelphia and Reading Railway. This train will leave Phil- 
adelphia 2.30 and arrive New York about 4.30 

Transportation the above trains will free the membership 
the Society and the members their immediate families, and must 
secured application the Secretary. 

Members from the New England States, and all others who can 
conveniently, should arrange arrive New York time take 
the special train. 

Those who cannot via New York should purchase tickets 
Pittsburg Washington, and arrange meet the special 
Camden. Transportation from either these points Philadelphia 
and Cape May must secured application the Secretary. 

Between Philadelphia and Cape May and between New York and 
Philadelphia transportation will furnished except the special 
trains. 

Hotel Rates.—The Stockton Hotel, the exclusive use which has 
been secured for the Convention dates, will opened for the Society 
Monday, June 26th. The Stockton has accommodation for 750 
guests. The rate has been fixed per day. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(April 12th May 10th, 1899.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


each journal this list. 


(1) Journal, Assoc. Eng. 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Indicator, Stevens Institute, 
Hoboken, J., 

(9) Magazine, New York 


(10) Magazine, New York City, 


New York City, 35c. 

(12) The Engineer (London), International 
News Co., New York City, 35c. 

(13) News, New York City, 


(14) Record, New York City, 

(15) Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City. 15c. 
(17) Journal, New York 


City, 35c. 

(18) and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(20) Iron Age, New York City, 10c. 

(21) Engineer, London, Eng- 
and. 

(22) Iron and Coal Trades Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gaslight Journal, New 
York City. 

(25) ngineer, New York City, 


(26) Electrical Review, London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 

(28) and Iron, London, Eng- 


and. 

(29) Journal, Society Arts, London, 
England. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales del’ Assoc. des Ing. Sortis 
des Ecéle Spéciales Gand, Brus- 
sels, Belgium. 


(32) Memoirs Compt Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 10c. 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Am. Inst. Elec. Eng., 
New York 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) Minerals, Scranton, Pa., 


(46) American, New York City, 

(47) Engineer, Manchester, 


ngland. 

(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 

(49) fir Berlin, Ger- 


many. 

(50) Stahl und Eisen, Duesseldorf, Ger- 

(51) Deutsche Bauzeitung, Berlin, Ger- 


many. 

(52) Rigasche Industrie-Zeitung, Riga, 
Russia. 

(53) Zeitschrift des oesterreichischen In- 
genieur und Architekten Vereines, 

ienna, Austria. 

(54) Den Tekniske Forenings Tidsskrift, 
Copenhagen, Denmark. 

(55) Copenhagen, Denmark. 

(56) Tidskrift. Stockholm, Swe- 


en. 

(57) Teknisk Ugeblad, Christiana, Norway. 

(58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, Pa. 50c. 

(59) Transactions, Mining Institute 
Scotland, London and Newcastle- 
upon-Tyne. 

(60) Bridges and Framed Structures, 358 
Dearborn St., Chicago, 30c. 

(61) Proceedings, Western Railway Club. 
225 Dearborn St., Chicago, 25c. 

(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 
London, England. 
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LIST ARTICLES. 
Bridge. 
Curved Girders. (49) IV-VI. 
Existing Experiments for Determining the Neutral Axis Beams Stone and Cast 
Iron. Roser. (48) Feb. 25. 
The Recovery Iron from Overstrain. (18) April 15. 
Chemical and Physical Constitution Steel. William Webster. (60) April, 1899. 
Contribution the Determination Maximum Moments for Concentrated Loads 
Simpie Girders. A.Coulmass. April 14. 
Draw Span Stresses—Assumptions Determine Them. Malverd Howe, Am. 
(60) April, 1899. 
The Architecture Bridges. (60) April, 1899. 
Steel Viaduct upon the Highland Railway. White. (63) Part 
Failure the Embabeh Bridge, Cairo. Robertson. (63) Part 1899. 
Falsework the Willis Avenue Bridge, New York. (14) April 15; (15) 
pril 21. 
New Bridges over the Rhine Bonn and Duesseldorf. (48) March 25. 
The Bridgesacross the Rhine, near Bonn and Duesseldorf,Germany. Fritz Mueller von 
der Werra. (13) April 20. 
The Bridge Works’ Department. Scofield. (60) April, 1899. 
Erection Bridge 69, Pennsylvania Railroad. (14) April 22. 
Highway Bridge Floor Rock (13) April 13. 
Pneumatic Caissons for Ordinary Foundations. Jones. (60) April, 1899. 
Field Riveting Elevated Railway Work. (40) April 28; (18) April 29; (15) April 28. 
Some Examples Bridge Engineering (14) May 
The New Bridge over the Niagara River. (11) April 28. 
Strengthening the Cantilever Bridge Niagara. (40) May5. 
Measurements for Granite Viaduct. (60) April, 1899. 
Three-Hinged Melan Arch Bridge. (55) March 
Experiences and Lessons from the Life Bridge Engineer, (13) May (14) May 
Street Bridges over the Arge Laugenargen. (48) Jan. 
Drum and Neuschloss the North Bohemian Railroad. H.Rosche. (53) 
an., 27. 
Tron Trestle the Waldhoven-Ganning. Weltzer. (53) Feb. 24. 
Bridges Austria. (50) Feb. 
Modern Spanish Bridge (60) April, 1899. 
Japanese Bridge Work. (40) April 28. 
Etude Expérimentale des Ponts Métalliques. (36) April 25. 


Electrical. 


Telephones. John Gavey. (29) April 14. 
Wireless Telegraphy. Rankin Kennedy. (26) April 14. 
Picture Telegraphy. (27) May 
Callendar’s Electrical Recording Apparatus. (26) April 14. 
New Form Wehnelt Interrupter. Elihu Thomson. (27) May 
the Dimensioning Field Magnets. George Hanchett. (27) April 29. 
Bipolar and Multipolar Construction. Alton Adams. (27) April 29. 
Effect Inequality Voltage Three-Phase Watt-Meters Measuring Motor Loads. 
August Bowie. (27) April 22. 
New Generator with Minimum Field Distortion. Robert Lundell. (27) April 22. 
Direct-Current Dynamo without Brushes. Albert Campbell. (26) April 14. 
Alternating Current Motors for Single System. (48) March 18. 
istributing Systems for Three-Phase Plants. August Bowie, Jr. (27) 
pril 29. 
ril 29. 
The Lighting Leith. (26) April 14. 
Selection Incandescent Lamps. Alton Adams. (10) May, 1899. 
The American Nernst Lamp. (27) April 29. 
Hammersmith Electricity Works Extensions. April 21. 
Data Electric Power Generation, Glasgow. (14) April 22. 
Lewiston, Idaho, Long Distance Transmission. (27) April 22. 
Switchboard the Chelsea Power Station, Lynn and Boston Railway. Wray 
Weller. (27) April 15. 
Motive Power Modern Steel Works and Blast Furnaces. 
27) April 15. 
Storage Batteries and Railway Power Stations. Robert McA. Lloyd. (42) Feb., 1899. 
Earth Currents and Electric Traction. April 21. 
Electrolysis Unsolved Municipal Problem. (27) April 29. 
The Signal Corps and the Philippines’ Cable. (27) 
High Efficiency Transformers for England. (27) May 
Sur Interrupteur Electrolytique. Wehnelt. (36) April 10. 
Courants Haute Frequence Oscillations Electriques-Telegraphie sans Fil. Paul 
Janet. Experiences Appareils Ducretet. (32) Feb., 1899. 
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Marine. 


The Institution Naval Architects, Meeting. April 
and Wigzell’s Sounding Apparatus, Charles Bright. (11) April 
M.S. Spartiate. (12) April 

The Steam Trials M.S. Amphitrite. (11) April 14. 

The Naval Boiler the Future. (12) April 14. 

The Action Oil (12) April 14. 

Model Cruiser. (12) April 14. 

Some Notes Kronstadt, Russia. (12) April 14. 

Launching Torpedoes Rough Sea. (53) Feb. 17. 

Saloon Steamer (48) April 

Experiments with Marine Brake. (28) 

The Best Water-Tube Boiler forthe Navy. Robinson. (10) May, 1899. 
Steam Consumption Auxiliary Engines Warships. (11) April 21. 

The Ice-Breaking Steamer Ermak. (19) May 


des Bateaux Ondes Transversales. F.Chaudy. (32) 
eb., 


Mechanical. 

pril 15. 

Engine for the Coventry Tramways. (12) 

Central Steam Condensing Plants. (20) April 20. 

The New 000 H.-P. Engines and Alternator Deptford. (12) April 21. 

Vertical Electricity Supply Engines. (12) April 


H.-P. Gas Engine Direct Connected 520 Electric Generator. (13) 
May 4 


The Load Steam Consumption Steam Engines. Meyer. (48) 

pril 

Superheated Steam, Its Generation and Use. April 15. 

Steam Pipes. J.T. (11) (14) April 15. 

Stresses Pipes Bent Right Angles Caused Heating the Temperature 
Steam Various Pressures. Donaldson. (63) Part 1899. 

Water-Tube Boiler for Motor Cars. (11) April 14. 

Engines and Belleville Boilers Spartiate. (12) April 

The Use Coal Dust Fuel for Boilers. Count Caracristi. (22) April 14. 


Blowers, Built the Elsas Machine Co. Milhausen. (48) April 


Blowing Engine the Krompach Works (Bohemia). (12) April 21. 

Test Large Pumping Engine, Pittsburg, Pa. (18) April 29; (13) May 

New Air Lift Pump. (12) April 28. 

Performances Pumping Machinery; Clyde Trustees’ No. Graving Dock. (12) April 
28; (22) April 28. 

Propeller Pumps. (14) April 22. 

Pumping Plant Haughhead Colliery. 

Joel Electric Motor Carriage. (26) 

The Efficiency the Bicycle. Robert Fernald. (1) March, 1899. 

Columbia Automobiles. Thomas Booth. May 

March, 

The James River, Va., Water Power Development. William Todd. (27) May 

Power Transmission Plant the Maine Woods. (27) April 

Refrigerating Plant, System Pictet. Briiutigam. (48) Feb. 

Hot Blast Stove, Eston Steel Works. (12) April 28. 

Industry the End the Nineteenth Century. A.Ledebar. (48) April 


The Blast Furnace Gases Gas Motors, with Tests H.-P. Gas En- 
gine, Meyer. (48) April 22. 


and Manufacture Iron Ornament. Chester Albree. (20) 
prul 27, 

Charging Furnaces. April 

The Testing Machinery Castings. (22) April 14. 

Strains Hardened Steel Large Cross Section. April 


Note the Endurance Steel Bars Subjected Repetitions Torsional Stress. 
Coker. (63) Part 1899. 

Progress Rolling. Jan. 15. 

Metal. (12) April 28. 

The Extraction Nickel from Its Ores the Mond Process. Roberts-Austen. 
(63) Part 1899. 

Cast-Iron Test Bars. Thomas West April 28. 

The Thermal Analysis Stress. Turner (11) April 28. 

Phosphor-Bronze—A Its Characteristics and Method Manufacture. 
Smith. (25) May, 1899. 


Between Mechanical Engineering and Modern Shipbuilding. (22) 
pril 28. 


International System for Screw Threads. (57) April 
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Mechanical—(Continued). 


Heavy Gun Lathe. April 28. 


Engineering Fallacies—Liquid Air Motive Power. (10) May, 1899; (46) April 29. 
Block Loading Titan Crane. April 14. 


Coke Ovens. Dr. Bauer. (50) April 15. 

The Manufacture Locking-Bar Jointed Pipe. (22) April 14. 

Machine Corliss Compound 500 Chevaux. (34) April, 1899. 

ses Applications. (32) Feb., 1899. 

Riché, Distillation Renversée. Manautet Roman. (32) Feb., 1899. 


Moteur Double Effet surcompression Variable par Régulateur 
Letombe). (33) 


Notes Relatives Fabrication des Tubes des Corps Creux Fer Acier, sans 
Soudure. Vinsonneau. (37) March, 1899. 


Dispositif Applicable aux Générateurs Vapeur. (36) April 25. 
Military. 
Explosion Gun Sandy Hook, New York Harbor. (11) April 14. 


Modern Machine Guns, Rifle Caliber. William Ledyard Cathcart. (10) May, 1899. 
Mine Defence Santiago Harbor. Lieut. Capehart, U.S. (19) May 


Mining, 
for Gold. Robinson, Am. Soc. (10) May, 1899. 
Our Coal Supplies. Forster Brown. (29) April 28; (22) April 28. 


Shaft Sinking under Water Lake the Woods. (16) May 

Acetylene Gas Mine Illuminant. (22) April 28. 

Electrical Transmission Power Mining. (63) Part 1899. 

The Effect Subsidence, due Coal-Workings, upon Bridges and other Structures. 
Kay. (63) Part 1899. 

Methods Mining Ore the Lake Superior Region. Nelson Hulst. (58) Feb., 1899. 

The Douglas Coal Field, Lanarkshire. Robert Weir. (59) Vol. XX, Part 

Two Types Electrical Coal Cutters. Thomas Barr. (59) Vol. XX, 

The Utica Mine Chlorination Plant. Thomas Smith. (16) April 22. 

The Asphalt Deposits Middle Park, Colo. Lee. (16) April 22. 

Prospector’s Density Rule. Holms Pollok. (16) April 22. 


Municipal. 
the Larger Transportation Problems Cities. Edward Higgins. (3) May, 
1899, 


The Management, Maintenance and Cost Public County Roads Ireland under the 
Irish Grand Jury System. Sanders. (63) Part 1899. 


Railroad. 


Express Passenger Locomotive for the French State Railways. April 21. 
Vauclain Fast Passenger Compound Locomotive, Chicago, Burlington and Quincy Rail- 
road. (25) May, 1899. 


Express Engines Great Western Railway. Charles Rous-Marten. (12) 

April 28. 

High Speed Passenger Locomotives. Clement Street. (61) March 25; (13) May 

Compound the Northern Pacific Railway. Edwin Herr. (61) March 

25; (18) 22. 

Chapter Locomotive Stacks, Union Pacific Railway. (25) May, 1899. 

Shop Testing Locomotives the United States. Richard Smart. May, 1899. 

Locomotive Design—The Working Strength Materials. F.J.Cole. (25) May, 1899. 

Mogul Locomotives, Southern Pacific Company. (25) May, 1899; 
18) May 

The New Passenger Engines the Burlington. (15) May 

Consolidation Locomotive, Lehigh Valley Railroad. (18) May 

Compound Consolidation Locomotives for the Southern Pacific. (15) May 

Heavy Locomotives for the Lake Shore. (40) April 28; (18) April 29. 

for the Midland Railway, England. (18) April 29; (13) May 
40) May 5. 

New Express Engine. (57) Jan. 12. 


Electric Locomotives the Paris-Lyons-Mediterranean Walzel. (53) 


Feb. 10. 

Gasolene Motor Car. (15) May 

The Hoadley-Knight Auto-Trucks. (20) May 

Coal Cars, Lake Shore Michigan Southern Railway. (25) May, 


Ramsbottom Water Service for Moving Railroad Trains. Kemmann. (49) IV—VI. 

German Rail Joint. (12) April 28. 

The MacPherson Switch and Frog, Canadian Pacific Railway. (18) April 15. 

The Shield Used Constructing the Orleans Railway Tunnel, Paris. (13) May 

The Development Railroad Building from 1848 1898. Wilhelm Ast. (53) April 21. 
South African Railway Development. Reunert. (10) May, 1899. 

Revised English Train Rules. April 14. 

Empty and Loaded Coal Cars. (15) April 14. 


New Device for Preventing the Sliding Car Wheels Air Brakes. 
Rules for Railwa 


April 20. 


(13) April 20. 
(13) 


Location and Construction, Northern Pacific Railway. 
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Railroad—(Continued). 


Japan. April 14. 

Proposed Abolition Grade Crossings Syracuse. April 21. 

Formula for Train Henry Graftio. (17) May, 1899. 

the Locomotive and Electric Truck. John Brill. (17) 
May, 

The Congo Railway. Trouet. (63) Part 1899. 

The Pahartali Locomotive and Carriage Works. Assam-Bengal Railway. Bam- 
ford. (63) Part 1899. 

The Standard Code Train Rules the Railway Association (for single 
track). (15) April 21. 

Standard Specifications for Interlocking, (18) April 29. 

Electric Headlights and Front End Signals. (40) May 

The Track C.C. Anthony. (27) April 

Signaling Single Line Railways. (26) April 21. 

Connections for Signals and Switches. Keppel, Jr. 

15) April 21. 

Inspection Interlocking Plants. W.H. Elliott. April 21. 

The Jersey City Coaling Station the Erie Railroad. (15) April 14. 

The New Railway Stations Omaha, Neb. (13) May 

New Union Passenger Station (18) May 

Long Is!and Railroad Improvements. (15) 

Depression Philadelphia Reading Railway Tracks Philadelphia. (18) April 29. 

Experimental Grain Elevators the Hamburger Railroad Station Berlin. Bork. 


(49) IV-VI. 
Central Railroad Station Osnabriick. Bergmann. (49) I-III. 
English Electric Railroads. Albert Bridge. April 21. 
Generating and Distributing Electric Power for the Glasgow Corporation Tramways. 
Parshall. (13) May 
Inspection Street Car Equipments. Albert Herrick. (3) May, 


Electric Railways Paris. May, 1899. 

Some Details the Murphy Third Rail (27) May 

The Electric Railroad between Stausstad and Engelberg. (48) April 15. 

Electric Motive Power Main Lines. Feldmann. (48) Feb. 18. 

Mode Pose Voie des Chemins Fer dans les Souterrains. Jules Michel. 
(38) April, 1899. 

Note sur une Distribution Spéciale Appliquée Compagnie Chemin Fer 
Nord Panoux. (38) April, 1899. 

Morizot. (38) April, 1899. 

Les Wagons Intercirculation Compagnie Daniel Bellet. (36) April 10. 

Chemin Fer Jungfrau. Henry Martin. (33) April 

Chemin Fer Sfax Gafsa (Tunisie). (33) 22. 

Machine Poser les Voies Chemins Fer. (34) April, 1899. 

Platforme deux vitesses 1900. (Historique des tentatives 
des applications locomotion parentrainement continu la). Armen- 
gaud, jeune. (32) 1899. 

Tramways Electriques Tours. Emile Dieudonné. (36) April 25. 

apporter dans construction des Voitures Voyageurs. (36) 

pril 25. 


Sanitary. 


Refuse Destruction. (11) 

Refuse Furnaces. Watson. (63) Part 1899. 

The Horsfall Destructor. (26) March 31. 

Refuse Cremation Edinburgh, Bradford and Oldham. (14) May 

Karachi Sewerage Works. J.Strachan. (63) Part 

Sewer Repairs, Cincinnati, Ohio. (14) April 15. 

Street Cleaning Washington, (14) April 22. 

The Sewerage London, Ont. (14) April 22. 

Experience Sewer Construction. Hastings. (1) March, 1899, 

Maintenance the System Separate Sewers Newton, Mass. Stephen Childs, 
Am. Soc. March, 1899. 

Street Cleaning San Francisco. (14) May 


Structural. 


14) May 

Gravity Problems. May 

The Sutro Baths San Parsons. (46) April 29. 

The New Foundry the General Electric Company. (13) April 13; (14) 
Heating the Foundry the General Electric Company. (20) 27. 


The Employment Electrical, Heating and Sanitary Engineers Building Construc- 


tion. (13) April 13. 
The Calculation I-Beam Grillage Foundations. J.B. Nau. (13) April 20. 
Column and Beam Connections the Williamson Building. (14) April 22. 
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Structural—(Continued). 


The Wanamaker Stables, New York. (14) April 22. 
Steel Tank Elevator Buffalo, (18) April 
Expansion lron Structures. Schellenberg. (62) April 21. 
Repeated Stresses. Jerome Sondericker. March, 1899. 
‘The Planning and Building the Southern Station, Boston. George Francis, Am. 
the Theory Domes and Steeples. (48) April 
General Asseinbly Hall and Auditorium the Technical Highschool Karlsruhe. (49) 
City Market Hallin Vienna. Hermanek. (53) Jan. 
Libre, Rue Bobillot, Paris. (35) April, 1899. 


Topographical. 


Some the Use Polar Planimeters. Walter Patch. (13) April 13. 


Trial Survey for over the Outeniqua Mountains, Cape Colony. 
Stewart. (63) Part 


Water Supply. 


Standpipe for the City 48) Jan. 28. 
Machinery the Water Works Breitensee. (48) Jan. 
The Water Tower Kiel. Schmidt. (51) Feb. 
Subaqueous Laying Delray. (14) April 
Electrolysis Battle Creek, Mich. April 15. 
The Construction High Earth Dams. (14) April 


pri 


The Amballa (India) Water-Works. (14) April 22. 


for Depreciation the Pipe System the Los Angeles (13) 


Nouveau Réservoir d’Eau Ville (33) April 22. 


Waterways. 


The Economic Relation the the State New York. 
George Rafter, Am. Soc (7) March, 1899 

Buenos Ayres Harbor-Works. April 21. 

The Rhein-Elbe Canal. April 15. 

New Harbor Improvements Stettin. (49) I-III. 

River Works and Harbor and Canal Construction Germany. Franzius 
and Thierry. (63) Part 1899. 
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NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


DICTIONARY ELECTRICAL WORDS, TERMS AND PHRASES. 


Edwin Houston. Fourth Edition. Cloth, 990 
pp., illus. New York, The Johnston Company, 1898. 
(Donated The Electrical World and Engineer.) 


The rapid growth electrical science and the almost daily addition new terms 
and phrases have led the production electrical vocabulary that bewildering 
its extent. order leave doubt concerning the precise meaning the terms 
and phrases defined, the plan has been adopted the author, giving: (1) concise 
definition. (2) brief statement the principles the science involved the defini- 


tion; and (3) where possible and advisable cut the apparatus described used 
connection with the term phrase defined. 


STANDARD TABLES FOR ELECTRIC WIREMEN. 


With Instructions for Wiremen and Linemen, Underwriters’ Rules, 
and Useful Formulas and Data. Charles Davis. Fourth 
Edition. Roan, 3ins.,128 pp. New York, The Johnston 
Company, 1896. $1.00. (Donated The Electrical World and 


Engineer.) 


The wiring tables have been recalculated for this edition and the 
lation alternating current wiring added. 


CENTRAL STATION BOOKKEEPING 


And Suggested Forms; with Appendix for Street Railways. 
Horatio Foster, Am. Inst. Cloth, 139 pp., tables. 
New York, The Johnston Company, 1896. $2.50. (Donated 
The Electrical World and Engineer.) 


The author has endeavored show such classification accounts and system 
reports for central electric light and enable the management 
their use know the full details the business distributing electric current. The 
contents are: Customers’ Ledgers; Objects Accounting and Classification; Operating 
Expense; Income from Operation; Profit and Loss; Property Accounts; Liability Ac- 
counts; General Classification; General Books; Monthly Summary Statements; Book- 
keeping for Electric Street Railways. 


ALTERNATING CURRENTS ELECTRICITY. 


Their Generation, Measurement, Distribution and Application. 
Gisbert Kapp. American Edition. New 


York, The Johnston Company, 1896. $1.00. (Donated The 
Electrical World and Engineer.) 


The author.assumes that the reader acquainted with the behavior steady cur- 
rents circuits whose constants are readily obtainable, and treats briefly periodic 
currents general, the phase relations impressed and induced electromotive forces 
possible simple circuits, alternators, the requirements central stations, alternat- 
ing current motors and multiphase currents. ‘There index eight pages. 
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ALTERNATING CURRENTS. 


Graphical Treatment For Students and Engi- 
neers. Frederick Bedell and Albert Third Edi- 
tion. Cloth, 6ins., 325 pp. New York, The Johnston Com- 
pany, 1895. $2.50. (Donated Electrical World and Engineer.) 


The authors have endeavored meet the demand for definite information regard 
the fundamental principles governing the flow variable alternating currents. 
Their purpose has been use such mathematical terms and analytical methods make 
possible for the demonstration exact and rigorous and the same time ex- 
press the results such way intelligible those who not desire follow 
the methods proof but are only interested the conclusions reached. The subject 
divided into two parts. Analytical Treatment. Part Graphical Treatment. 


RECENT PROGRESS ELECTRIC RAILWAYS. 


Being Summary Current Periodical Literature Relating 
Electric Railway Construction, Operation, Systems, Machinery, Ap- 
pliances, etc. Carl Hering. Cloth, 389 pp., 
illus. New York, The Johnston Company, 1897. $1.00. (Donated 
The Electrical World and Engineer.) 


The feeling that the volume current electrical literature great that 
almost not quite impossible for one keep satisfactorily informed the ad- 
vances made the different branches electrical engineering, has issued résumé 
articles upon electric railways appearing periodicals. has assumed responsi- 
bility for any the statements compiled. The contents Historical Notes; 
Development and Statistics; Construction and Operation; Cost Construction and 
Operation; Overhead Wire Surface Railways; Conduit and Surface Conductor Systems; 
Storage Battery Systems; Underground (Tunnel) Systems; High Speed Interurban 
Railroads; Miscellaneous Systems; Generators,Motorsand Trucks; Accessories. 


HYDRAULIC MACHINERY. 


With Introduction Hydraulics. Robert Gordon Blaine. 


Cloth, ins., 383 pp., illus. New York, Spon Chamberlain, 
1897. $5.00. 


this work the author has made use elementary applications the calculus. 
The book was written with the hope assisting students obtain fairly thorough 
groundwork the knowledge hydraulic power. headings chapters are: 
troduction; Compressibility Water; The Hydraulic Press; Hydraulic Jack; Applica 
tions the Hydraulic Press; Fluids and Fiuid Pressure; Lines Force and Equipoten 
tial Surfaces; Hydraulics—Friction Water Different Velocities; Flow Water— 
From Pipes—In Channels; Coefficients Hydraulic Resistance; Dis- 
tribution Energy; The Measurement Flowing Water; Jet Propulsion; Nozzles and 
Jets; Water-Wheels; Centrifugal Pumps: Turbines; Speed Regulation; Hydraulic Trans- 
mission Power; Hydraulic Cranes; Hydraulic Lifts; Hydraulic Canal Lifts and Graving 
Docks; Hydraulic Engines; Bridge and Dock-Gate Machinery; Hydraulic Machinery 
Board Ships; Hydraulic Machine Tools; Pumps; The Hydraulic Intensifier; Hydraulic 
Rams; Hydraulic Brake; Waste Power Hydraulic Mains. There index six 
pages. 


MODEL HORIZONTAL STEAM ENGINE. 


Furnished with Meyer’s Variable Expansion Gear; with Brief De- 
scription the Parts and the Method Working, and Discussion 
and Explanation Zeuner’s Valve Diagrams. Chr. Volkert, tr. and 
ed. Arnold Philip. Boards, ins., pp. plates. London, 


1896, George Philip and Son. (Imported Thomas Whittaker, New 
York). $1.00. 


The author has endeavored make clear persons other than engineers, who are 
indirectly more less interested steam engines, knowledge their working. 
has taken model, the type which the periodic distribution steam regulated 
slide-valves. The contents are follows: General Arrangement Parts; Descrip- 
tion the More Important Parts the Steam Engine; Steam Distribution Means 


Ordinary The book illustrated with dissected and colored 
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STEAM BOILER PRACTICE. 


Its Relation Fuels and Their Combustion, and the Economic 
Results Obtained with Various Methods and Devices. Walter 


Snow. 297 pp. New York, John Wiley Sons, 
1899. $3.00. 


Steam boiler practice here treated concerned rather with the results ob- 
tained than with detailed description the methods and devices used secure the 
economical combustion fuel connection with steam boiler. The author has 
endeavored indicate the possible gain loss result from given arrangement and 
point the way toward securing the highest efficiency steam boiler 
tents are follows: Steam Boiler Practice; Water and Steam; Combustion; Fuels; 
Efficiency Fuels; Steam Boilers; Rate Combustion; Draft; Chimney- 
Draft; Mechanical Draft; Rules for Conducting Boiler-Trials. There index four 
pages. 


LOCOMOTIVE ENGINE RUNNING AND MANAGEMENT. 


Showing How Manage Locomotives Running Different Kinds 
Trains with Economy and Dispatch; Giving Plain Descriptions 
Valve Gear, Injectors, Brakes, Lubricators, and other Locomotive 
attachments; Treating the Economical Use Steam; and 
Presenting Valuable Directions about the Care, Management, and 
Repairs Locomotives and Their Connections. Angus Sinclair. 


Cloth, ins., 488 pp., illus. Edition. New York, John Wiley 
Sons, 1899. $2.00. 


The author’s aim has been treat all subjects discussed such way that any 
reader would clearly understand every sentence written. attempt made con- 
vey instruction anything beyond elementary problems mechanical engineering. 
The construction and management compound locomotives are not described, the 
author confining himself the single engine. chapter devoted the 
examination firemen for promotion. There index twelve pages, 


THE STORY THE RAILROAD. 


Warman. Cloth, ins., 280 pp., illus. New York, 
1898, Appleton Company. $1.50. 


This book chronicle the life which began with and accompanied the building 
transcontinental highway. pictures the construction the earlier lines across 
the deserts and mountains the Western United States. Prominence given the 


Union Pacific, but sense, the Atchison, Topeka and Santa the typical railroad 
the book. 


THE NEW ASSISTANT. 


Manual Reference for those having with the Permanent 
Way American Railroads. George Hebard Paine. Roan, 


259 pp., illus. The Railroad (Donated 
the author.) 


This volume the successor the Roadmaster’s Assistant, written 1871 and re- 
vised 1877. aims practically useful and theoretically correct. Its scopein the 
treatment problems arising the maintenance way railroads indicated 
the chapter headings, which are General Remarks; Organization and Methods 
Fences, Highway Crossings and Platforms; Miscellaneous and Sta- 
tion Grounds; Water Supply; Drainage; Culverts, Trestles and Bridge Floors; Ballast; 
Cross Ties: Rails and Fastenings; Track Work; Frogs, Switches and Switch 
Stands; Emergencies and Train Signals; Fixed Signals; Rules and Tables. There 
index five pages, 
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RAILWAY ECONOMICS. 


Newcomb. Cloth, ins., 152 pp. Philadelphia, 
Railway World Publishing Co., 1898. $1.00. 


This work intended present the principal facts which establish the position 
railway transportation the present organization industry the United States. 
The contents are: Transportation; Railway Service the United States; Capitaliza- 
tion; Income and Expenditure; The Decline Charges; Rates and Prices; Causes 
the Decline Charges; Competition Among Railways and the Decline Charges; 
Competition Among Producers and the Decline Charges; The Law Increasing Re- 
turns: Increasing Use Railway Facilities; Socially Profitable Transportation; How 
Socially Unprofitable Transportation Occur; Should the Business Railway Trans- 
portation Remunerative? Energy Expended Joint Account; Relatively Reason- 
able Rates; Unjust Discrimination General; Consolidation; Pooling; Associations; 
Taxation; Construction. 


SEWER DESIGN. 


York. John Wiley Sons, 1899. $2.00. 


This work represents course lectures, given the College Engineering, 
Cornell University, treating only the subject sewer design. The contents are: 
General Considerations; Preparatory Maps and Data; Excessive Rains; Proportion 
Reaching the Sewers; Relation Density Percentage: Mathematical Formulas; Es- 
timating Future Population; Amount Sewage per capita; Ground Water Reaching 
Sewers; Grades and Self-Cleansing Velocities; Development Formulas for Flow; 
Kutter’s Formula; Sewer Diagrams; Use Diagrams; Sewer Plans; Sewer Cross-Sec- 
tions; Flushing; Use Tanks. 


LANDSCAPE GARDENING. 


Applied Home Decoration. Maynard. Cloth, 
ins., 338 pp., illus. New York, John Wiley Sons, 1899. $1.50. 


The author has endeavored supply information which will enable persons 
limited circumstances properly care for ornamental trees, shrubs, plants, and 
show how group and combine them with the lawn, the dwelling and other buildings, 
houses adjoining. Headings chapters are: Landscape Gardening and Home Orna- 
mentation: Ornamenting New Homes; Preparation the Land; Trees—Their Planting 
and Care; Shrubs, Hedges and Hardy Climbers; Walks and Drives; Renovating and 
Improving Old Homes; Country Roads and Roadside Improvements; Parks, Public 
Squares, School Yards, Description Trees; Evergreen Trees; Shrubs; 
Herbaceous Plants, Aquatic Plants, Insects injurious Ornamentals; The Home Fruit 
Garden. There index twenty-four pages. 


ELEMENTS WATER SUPPLY ENGINEERING. 


Sherman Gould. Cloth, 168 pp. New York, The 
Engineering News Publishing Co., 1899. $2. 


All matter previously published the first and second editions Practical 
Hydraulic 1889 and 1894, contained this work; but the present 
volume, under the heading Notes Parts and material has been added sup- 
plementing and extending many points. entirely new part (Part III), has been 
added. The contents are: Flow Water Through Masonry Conduits; Some Details 
Tunnel and Aqueduct Construction; Filtration Public Water Supplies; Pumping En- 
and Duty Trials; Arches and Abutments. The work contains number 

ydraulic tables and index six pages. 


LOUISVILLE FILTRATION EXPERIMENTS. 


Report the Investigations into the Purification the Ohio River 
Water Louisville, Kentucky; Made the President and Directors 
the Louisville Water Company. George Fuller. Cloth, 
9ins., 461 pp., plates. New York, Van Nostrand Company, 1898. 
$10.00. (Donated the author.) 

This report tests and investigations which had for their purpose the determi- 
nation the quality the river water after purification practical scale filters, 
systems purification, and the collection and compilation such data would in- 


dicate the cost construction and operation these filters systems. There 
index eight pages. 
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STEAM HEATING FOR BUILDINGS. 


Baldwin Heating; or, Steam Heating for Buildings, 
being Description Steam Heating Apparatus for Warming and 
Ventilating Large Buildings and Private Houses, with Remarks 
Steam, Water, and Air, Their Relation Heating; which are 
added Useful Miscellaneous Tables. William Baldwin. Four- 
teenth Edition, Revised and Enlarged. Cloth, ins., 365 pp.; 


illus., plates. New York, John Wiley Sons, 1897. $2.50. (Dona- 
ted the author. 


the present edition, far the work relates the principles steam heating, 
where the water condensation returned the boiler gravity, little change from 
preceding editions has been made; but bring modern practice the use 
steam other methods, general revision was necessary. endeavor has been 
made confine the work facts developed practice, experience and experiment 
and comment and opinion are refrained from, except where the lack explanation 
might lead error misunderstanding. There index eleven pages. 
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Membership. 


504 Philadelphia Bank Bldg., 421 Chestnut St., Phila- 
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115 West 120th St., New York City April 1899 
Sept. 1896 
May 1899 
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Box 204, Memphis, May 1899 
GEORGE 
May 1899 
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FERDINAND FINNEY 
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JUNIORS. 
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AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


PILE-DRIVING FORMULAS: THEIR CONSTRUC- 
TION AND FACTORS SAFETY. 


PRESENTED SEPTEMBER 6TH, 1899. 


Experiments the impact the ram pile-driver, from the 
ordinary heights ofits operation, and deductions therefrom, are not 
satisfactory the importance the subject requires, evidenced 
the variety the elements computation, formulas and factors 
safe loads. 

Authors upon physical laws, and engineers who have essayed 
give formula for the impact and effect ram pile, vary not 
very materially, but some instances have introduced elements 
having little connection with it, and consequently essen- 
tial value: the diameter, weight and length pile, its mean 
depression per number blows, its modulus elasticity, and the 
cube root the height fall the ram. 

The resistance pile offers the blow aram the measure 
its capacity sustain stress, wholly independent its diameter, 
weight, length, modulus elasticity, etc. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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Thus, the diameter pile and the distance its penetration are 
not proper elements the computation, their effect embraced 
their limitation the penetration the pile; added which the 
weight the pile consideration only involving weight 
ram proportionate its inertia, and the relative elasticity pile 
little moment, for when pile approaches the penetration 
required resistance refusal, its head broomed dressed off, 
and split liable be, confined ring. fact, the 
weight and fall being proportionate pile, all other ele- 
ments, except that penetration, are rendered consideration, 
elements the computation effect; and particularly when great 
factor safety the varied conditions under which pile driven 
requires, and which given various authors formulas ranging 
from 0.083 0.33, omitting Weisbach’s extreme 

the following treatment the subject, pile considered 
driven final depression 0.5 in. less, with level and sound 
head, far the operation renders practicable; and when the 
weight the superstructure sustained requires the number 
piles increased proportionately thereto, this increase objection- 
ably involves the necessity placing them less than proper dis- 
tance apart, for when they are driven close moist clayey soil, 
the last one driven will, the lateral compression, cause the adjoin- 
ing ones rise. 

the formulas Major Saunders, A., Molesworth, Weis- 
bach, Mason, Trautwine, Nystrom, Wellington and the Dutch,” the 
final depression penetration, either inches, feet pro rata, 
given divisor. Hence, assuming that the impact ram 
given case 100 000 and the depression 0.5 in., 100 000 0.5 
200 000 and 0.25 in., 100 000 0.25 400 and 
like manner infinity positive refusal; and yet the impact would 
not have increased, the effect the blows not cumulative. The 
resistance pile not measured summation the several 
impacts has received the fall the ram, the vro rata its 
depression per number blows, the Dutch” formula. When 
street paver depresses stone in. with his rammer, and 0.5 in. 
succeeding blow, has not correspondingly increased the force 
effect it, neither are the blows carpenter driving bolt 
cumulative, for only the last blow gives the measure the impact 
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it. Hence, the effect the blow ram, however apparent obser- 
vation, lost consideration when the one that follows occurs, 
the measure the last the measure the resistance the pile offers, 
and that resistance the single sustaining stress weight that the 
pile will bear. 

The matter, then, not how the resistance pile obtained, not 
what the weight it, not what its inertia the effect its cushion- 
ing, but what was the power required drive its final depres- 


sion, what the measure its resistance stress sustaining 
weight? 


ILLUSTRATION THE SEVERAL REFERRED To. 


Assume rams having weights 1000 and falling, 
respectively, and ft., which are taken exponents ordinary 
practice. Mean section pile, 100 sq. ins.; weight, sur- 
face, 130 sq. ft.; length, ft.; and penetration under last blow, 0.5 
in. 0.043 ft. 

(1) Major Saunders. 

representing weight ram and safe load, both pounds; 
height fall, and depression last blow, both feet. 


pile feet, and dead load without further depres- 
sion. Other symbols preceding. Factors safety, 

This formula embraces modulus elasticity, length and sectional 
area piles, all which, for the causes here given, are held 
unnecessary complication and practical value. 

Second Formula Rankine. A1000 refusal pile; and 

mean area section pile square inches, and load 


pounds. 


(3) Molesworth. 


height fall, and set pile last blow, both inches. 


(4) Mason. extreme load. 
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other symbols preceding. Factors safety, 


0.023 


5 9 — 


pression last blow inches; other symbols preceding. Fac- 


(6) Nystrom. safe load. 

fall ram and depression, both inches; other symbols preceding. 

(7) Wellington. extreme load. 

depression last blow, feet; other symbols preceding. 

refusal. Factor safety, 0.33. 


TABLE No. DEPRESSION ALL 
0.5 IN. 


given 
Authors. Load. Safe load. Load. Safeload. 
Pounds. Pounds Pounds Pounds 
Saunders........ 476 000 500 000 148 750 
Mean results..... 5.75 250 554 901 645 131 271 


mean the author. 


The varying figures the fourth and sixth columns, safe 


load, represent results computed the formulas different 
authors, with their factors. 


The following formulas were not included the preceding reca- 
pitulation and summation results, the factors the first are held 
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too extreme for practical application, and the introduction 
the other, the average penetration per blow, per 100 blows the 
ram, not element any value; for, before stated, the final 
blow ram the only one that measures its effective value. 
Weisbach.—One Weisbach’s formulas embraces elements similar 


tration last blow, feet 0.043; other symbols the other 
formulas. Factors safety, 100 10. 

average penetration per blow for 100 blows, and height fall, 
both ininches. Factor safety, 


the formula, represents the average depression 
the pile per blow, per 100 blows the ram, which not only 
element measurably impracticable attainment practice, but 
wholly valueless and difficult attainment except with the heavy 
ram and low fall practiced the authors the formula. 

recorded case furnishes the following illustration the formula: 

and respectively, 2205 and 2030 Ibs. and 0.28 in. 

Operating this formula with the elements given the first the 
preceding cases, the result would 715 Ibs. 

Factor Safety.—In deciding upon the factor safety the follow- 
ing elements are considered: 

The friction the guides the leader and the hoisting line 
the ram the sheave and over the drum (ascertained experiment 
with very heavy ram 0.2 ft. penetration, but with light 
ram would materially more); the resistance the atmosphere 
the fall the ram and its cushioning the head pile however 
squarely may dressed off; the want verticality, both the fall 
the ram, and the vertical plane the pile and its consequent 
lateral vibration; the inertia and frequent splitting the pile ona 
boulder; the vibration, driven trench with 
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the condition the soil, whether wet, moist, dry, that is, 
wholly dry soil, the pile embedded partially exposed above 
ground water, wholly immersed wet soil surface water, 
all which are elements the determination the factor. 

this connection considered the subsidence the soil 
around pile which has been temporarily arrested its driving, the 
effect which, the course few hours under favorable condi- 
tions soil, has been observed approach that the resistance 
pile its last blow. 

The following are records some ascertained sustained weights 
piles: 

the London Bridge over the Thames,* the piles are reported 
sustain Assuming them been driven under the 
extreme condition ram 500 Ibs. falling ft., their sustaining 
power excess that given the formula would 

pile driven with ram 000 lbs. falling ft. supported 
2.93 

ram 700 lbs. falling ft. supported tons, excess 

Atest pile the United States Government, driven ram 
910 falling ft. with depression 0.375 in. under the final 
blow, supported 26.6 tons, excess 7.28 26.6 19.32 tons, 
3.65 

The average results for safe loads, deduced the several for- 
mulas given are, for 000 lbs. falling given, 40901 
result 2.04 times greater than that given the formula author 
highest recognized ability, and 1.46 times less than another 
the average 271 lbs.; result 2.182 times greater than that 
given the first author referred to, and 1.35 times greater than 
that given the other. 

view this variance, the author essayed ascertain the differ- 
ence between the results the formula, foot pounds, and the actual 
vis viva falling body; and although the experiments were necessa- 
rily very limited scale, the following results were obtained: 


Trautwine’s Engineer’s Pocket-Book,” pp. 643-644. 
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! 
Pounds. Feet. Feet. 
1 8 82 4.0 
» 1.5 9.5 42 | 4.3 
2 11,31 52 | 4.6 


Reviewing these and the various other elements submitted, 
appears that all the formulas here illustrated, for piles driven under 
the usual requirements practice, weight ram, height fall, 
character soil aud final depression, are but arbitrary, with factors 
safety having the wide range three-tenths one-twelfth. They 
present even varied conditions multiplied the 
height, its square, and also its cube, while that Wellington 
presents the exceptional condition the weight being multiplied 
twice the height the fall; all them being variance with the 
accepted rule, that the velocity the weight and its resultant impact 
product the Wellington formula would 32, and ft., while 
the velocity impact would 32, and 

Further, that the impact vis viva body falling freely, de- 
termined the experiments here referred to, exceeds four times that 
given the formula for its final velovity, which result verified 
the illustrations given the actual support piles noted, which 
should added estimate the frictional loss the ram opera- 
tion. 

Reviewing the elements presented, the following formula 

weight ram pounds, and height fall feet. 


mitted: safe load pounds. 


the factor safety, consideration the several losses 


effect recited, and especially that the brooming the head 
assumed from according the nature and condition the 
soil, the character the piles and the integrity their driving. 
Applying the formula elements similar those given for the 
several formulas recited, the results would be, for the illustration 
ram 000 lbs. falling ft., with factor 
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and for the ram 000 lbs. falling ft., eliminating the numerator 
and correspondingly reducing the divisors, 0.75 and 1.5, 
the operation simplified, thus: 

47701 Ibs., and 
and with factor which mean between 0.75 and 1.5 1.125, the 
results would be, respectively, 801.and 814 lbs., results ac- 
cordance with the observation exceptionally varied 
experience the operation under consideration. 

further support the formula submitted, the following pre- 
sented: 

First.—That the London Bridge, the sustaining capacity the 
piles reported 3.33 times the weight deduced the ordinary 
formula for the impact falling body; other cases have been 
2.93 and 2.88 times, and test case the United States Govern- 
ment have been 3.65 times, giving mean 3.1975; all which 
added the greater less losses effect the ram falling, 
herewith detailed. 


106 666 


Second.—That the test pile previously cited, which was driven and 
observed officers the United States Government, the ram weigh- 
ing 910 the fall being ft., and the depression the pile the 
final blow being 0.375 in., sustained stress 26.6 tons; that the sus- 
taining power the pile, deduced the ordinary formula for the 
velocity falling body, would 910 2gh 457 lbs. 
7.34 tons; and that these results 7.34 and 26.6 are 3.62, ap- 
proximating closely the assumed the formula presented. 

Third.—That piles driven sustain the vibratory stress bridge 
under hammer 200 falling ft., with penetration 0.75 
in., enduringly sustained tons each, and the formula the result 
tons. 

Regarding the distance from centers which piles should driven; 
sand small gravel, this may ft., but for saturated sand and 
earth, silt, greater distance required, small piles are liable 
disturbed their position the driving larger one adjoin- 
ing them, and some practice, determining the capacity range 
piles, proper reduce the result obtained the formula, 
meet incidental conditions, such negligence driving, super- 
intendence, the frequent and unobserved splitting crushing pile 
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The deductions and opinions here given are the result observations 
very varied and extensive experience pile-driving, every 
variety soil, encountering quicksand, boulders, submerged crib- 
work, stone filling, water, and under the embarrassing conditions 
met trench, when the hammer was necessarily arrested many feet 
above the designed level bearing the piles, and for structures 
various capacities and heights, some attaining twelve stories; and 
whenever practicable, bench-mark was established and ultimate 
results observed. 

Tenacity effects the tenacity were illustrated 
Cuxhaven, England, fir pile, ft. diameter the head, driven 
15.7 ft. fine and drifting dry sand; and which, the termination 
days, required power 472 lbs. (7.8 tons) withdraw it; also 
one ins. diameter, driven like depth, the termination 
years, required power (25.5 tons), and years, 000 
(43.75 tons), remove it. 

Friction Pine Sheet Piles Clay.—The removal coffer-dam 
after years’ existence furnishes the following elements: 

Piles Memel fir, 12.5 ins. square, length ft., driven 
average depth 18.25 ft., the average superficial area the soil being 
sq. ft., the net resistance, after deducting the weight the piles, etc., 
was 277 lbs., giving coefficient factor 93.8 lbs. per square foot 
for the bearing the clay the inner and outer surface the piles. 

Follower.—Whenever follower used, however short may be, 
the factor safety should increased; and when piles are driven 
trenches below the driver and their final depression below the drop 
the ram much involve the use long follower, the 
extreme factor should used; and with piles spruce like wood, 
their heads should ringed soon their penetration becomes 
difficult. 

Brooming.—The result brooming the head pile, conse- 
quence its resistance, determined experiment, was increase 
the number blows ram compared with sound head from 
1.49. 

Sheet Piling.—Sheet piling would much more effective, either 
water wet soil, constructed two more thicknesses 
timber laid together and lap broken for half the width piece 
two are used and one-third the width three are used, and fastened 
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with locust, iron blunt bolts, the number which and their dis- 
tances apart being determined the stress the driving. The off 
edge the foot the pile should cut tapered toan extent which 
will tend lead and retain close the adjoining pile. 

Notes Deduced from Operations Various Authors Piling.—In wet 
sand, silt, any light soil, piles should driven rapidly, otherwise 
the subsidence the material which they are driven will furnish 
increased resistance. 

strong stony soil, heavy ram with low fall better than 
light ram and high fall. the soil very strong with stone, the 
piles should shod. 

Inasmuch stratum light wet earth may exist below 
heavy one, before commencing piling upon new soil, order 
assured, not only its consistency, but also the depth such con- 
practicable. 

The support compressed sand estimated lbs. per square 
foot, and the friction the surface pile per square 
foot. 

Finally, recent case, consequence the foundation 
building eleven stories being ft. below that two exceptionally 
heavy adjacent structures ten stories each, the walls which were 
laid concrete bed over wet sand, piling vas necessarily arrested 
distances ft. from these adjoining walls, and the spaces 
bridged with plate-iron cantilever beams. The result, verified 
bench-marks, has proved the sufficiency the piling under the con- 
centrated stress over the voids, which was spaced and driven accord- 
ance with the formula here submitted. 
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THE GROINED ARCH COVERING FOR 
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Some months ago the author had occasion figure the volume 
masonry the elliptical groined arch roof covering the sand filter 
then under construction William Wheeler, Am. E., for 
the Somersworth, H., Water-Works (see Plate VI, Fig. 1), and de- 
duced therefor series formulas giving the volume masonry 
its cylindrical, cloistered and groined elliptical arches. These form- 
ulas, which have been considerably amplified, and which have been 
added sketch the development the groined arch, comparison 
the relative volume masonry the several types arches, and 
brief description method for computing the strength the 
groined arch, form the basis this paper. 

The results thus far obtained the author are presented this 
time, not with the idea that they are any sense complete, but the 
hope that they may some service engineers, and that they 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when closed, the papers with discussion 
full will published Transactions. 
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may, perhaps, suggest others new methods analysis which may 
lead the deduction general formulas, now entirely wanting, for 
the dimensioning and comparison the different types arches. 

Among the most common forms masonry roofs use are the 
following: First, the dome spherical arch; second, the cloistered 
arch; third, the cylindrical arch, and fourth, the groined arch—all still 
further subdivided, according the form the generating curve 
into semi-circular, elliptical, segmental, parabolic, pointed Gothic, 
multi-centered and various other forms. 

these four general types arches, the dome and the cylindri- 
cal barrel arch are too well known require description. The 
cloistered and the groined arch, however, should carefully distin- 
guished, the essential difference being that the cloistered arch the 
vaulting springs from series springing lines and meets the 
crown common point, the several vault intersections arrises 
forming re-entrant angles the masonry; whereas, the groined 
arch, the vaulting springs from series springing points pillars 
and meets the crown series intersecting lines (see Figs. and 
and photographs Somersworth, H., and Ashland, Wis., filter 
Plate VI), the several vault intersections arrises forming 
so-called groins ribs, convex angles the masonry. 

will thus seen that the groined arch, even more than the 
dome, gives, naturally, effects great spaciousness, simplicity and 
stability form, well adapted use such engineering structures 
covered reservoirs, etc., which economy and stability construc- 
tion, and air space for convenience operation and ventilation, are 
prime requisites, and which the presence supporting pillars 
serious objection. 

The history the groined and the cloistered arch coeval with 
the development the early ecclesiastical structures, and remote 
origin, probably dating back the time Roman supremacy; for 
with the rise Roman power, find arched vaulted types 
masonry construction supplanting the post and lintel form the early 
Grecians, and passing subsequently through many modifications, 
tending always toward greater ornamentation and splendor. 

Necessity was probably the occasion the invéntion the groined 
arch, for the earliest custom the Romans, when building two inter- 
secting arches, was raise one arch above the other, order avoid 
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their intersection, and the consequent formation groins, clumsy 
though satisfactory method where practicable. But situations soon 
arose which this method was impracticable account lack 
head room, and the groined arch was the inevitable result. Moreover, 
common form arrangement columns and roof the early public 
buildings the Romans was, according Choisy, that large 
central vaulted hall church, flanked either side secondary 
vaulted chambers, which necessitated the use groined arches. 

The origin the groined arch has thus been traced back the 
second third century the Christian era, and many striking ex- 
amples its magnitude areknown. Russell Sturgis, his Euro- 
pean Architecture,” and Auguste Choisy, his admirable and 
comprehensive work Batir chez les Romains,” describe 
them length, citing the great Tepidarium Baths Caracalla, 
built Rome 215 D., ft. span; the Baths Diocletian 
Rome, built 290 A.D. and restored Michael the sixteenth 
century, and the Basilica Maxentius and Constantine, ft. span, 
portions which are still standing near the Forum Rome. Yet, 
while these massive ancient structures, with all their difficulties 
erection and construction, excite our interest and wonder, they could 
cited models economical construction. 

The first groined arches were characterized their simplicity, the 
vaulting—generally semi-circular—being unornamented; the groins 
merely sharp arrises. they furnished the chief decoration 
the edifices which they were built, and were richly carved and 
ornamented. With the increasing demand for greater unobstructed 
space and more striking architectural effects the large baths and 
halls, the dimensions the vaulting grew, did the difficulty 
adequately centering the structure for construction. This, the grow- 
ing tendency ornamentation the groins and the introduction 
the Gothic arch, probably suggested the use ribs re-enforce the 
groins arrises, which ribs thus divided the vaults into sections and 
permitted the reduction the thickness the vaulting between them 
and the discarding portion the heavy centering. 

These ribs were first very simple section, being generally 
broad and thin, with rectangular off-sets, the architrave 
door; and, even the twelfth century, according Gwilt, were 
seldom moulded with more than simple torus some The 


{ 
| 
q 
| 


PLATE 
PAPERS AM. SOC. 
MAY, 1899. 
METCALF THE GROINED ARCH. 


Fie. 
7 j 


q 
7 
q 
4 
q 
4 
7 
7 
q 


METCALF THE GROINED ARCH. 293 


ribs sprung from the square piers supporting the four the 
vaulted roof, the groins corresponding the diagonals the vault; 
but the thirteenth, fourteenth and fifteenth centuries, the section 
the supporting columns, the form groining and number ribs, 
grew more complex, and following the changes and multiplication 
the number ribs may trace the evolution the fan-shaped, 
the star and the many other forms groining developed during those 
centuries, described length and fully illustrated Dr. Brey- 
mann’s ‘‘Bau Constructions Lehre,” page 151; Auguste Choisy’s 
Vaults and Bridges.” 

might noted, concluding this brief outline the early 
development the groined arch, that the materials for the vaulting 
used the Romans were stone brick, backed with concrete 
rubble, and the ribs were generally built the same material, some- 
times specially moulded, the rib joints, particularly the smaller 
ribs, being laid either cement mortar with sheet lead, dis- 
tribute the pressure more uniformly over the joint. later days 
wood and iron came place masonry the building 
material. 

Turning now toa consideration the adaptability the groined 
arch roof covering for large reservoirs, sand filter beds similar 
structures which large spans are not required nor piers objection- 
able, the following points advantage may claimed for com- 
parison with the cylindrical, the cloistered and the spherical 
domed arch. 

First.—Greater air space spaciousness under the vaulting, which 
tends toward better circulation air and consequent aeration the 
water, and which, the case sand filter beds, gives more room for 
scraping and renewing the surface the beds. 

Second.—Economy material. 

Third.—Absence necessity for lintel arches. 

Fourth.—Equal greater adaptability lighting, ventilation and 
access from above. 

construction and equal adaptability concrete 
construction, except compared with the cylindrical arch, for which 

from Choisy’s work are also found short paper Roman 


Construction,” Perry, published, since the this paper, the 
Journal the Association Engineering Societies, October, 1898, Vol. xxi, No. 
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the centers can somewhat more easily and cheaply built, though 
the necessity for centering for the lintel arches the latter would 
perhaps off-set this advantage the cylindrical arch. 

The groined arch is, course, best adapted roofing square 
rectangular areas, for though circular areas can covered this 
way, the greater difficulty forming the arch centers for the latter 
apparent, they have cut around the perimeter the chamber 
other curve formed the intersection the roofing 
and the side walls. 

The superiority the groined arch, compared with other types 
arches the above-mentioned respects, needs demonstration, 
except the economy material, which involves two considera- 
tions: First, the method computing the amount masonry any 
system vaulting; and second, the strength that vaulting, which 
will now discussed. 

Assume, for purposes illustration, given square rectan- 
gular filter area which roofed over with system groined 
arches, shown Fig. built concrete, which the amount 
computed. will noticed that this roof made up, first, 
it), span equal the distance the clear between piers, and 
each supported one pier, second, cloistered arch 
span made the four corners the area, each 
corresponding ABCD, joined together, and third, half 
cylindrical arch extending around the entire area, springing from the 
retaining wall and ending the crown the vault between said re- 
taining wall and the first line piers, length and 
respectively. The roof vaulting thus springs from and supported 
the side walls and piers, and forms crown lines parallel and lying 
between the several rows piers, and the piers and side walls, both 
directions. 

Let take up, therefore, turn, the computation these units 
—the groined arch unit, the cloistered arch unit, and the cylindrical 
arch unit. 

considering the easiest method computing the masonry 
these units has seemed the author—in view the different mate- 
rials construction used, whether one several kinds together, 
brick concrete, both, and the diverse forms extrados used, 
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often regardless the materials construction, according which 
the extrados may conform soffit parallel it, may 
horizontal plane surface passing through the crown, inverted 
pyramid over the piers, any other surface suiting the particular 
circumstances the preference the designer—that the simplest 
method was compute the volume masonry that circum- 
scribed prism from which has been deducted the volume the air 
space between (said circumscribed prism) and the enclosed masonry. 
This method has, therefore, been adopted, and Table No. will 
found the values now deduced for the volume the air space 
between the horizontal plane the springing lines and the soffit 
various unit-types vaulting, the aid which, the manner 
above described, the volume masonry may computed. 


ArcH UNIT. 


The groined arch unit masonry may defined, for the purposes 
this discussion, the masonry ina system groined arch vaulting 
supported one pier and contained within the four vertical planes 
passing through the central axes and crowns the arches springing 
therefrom. This unit, shown Fig. equivalent the unit (Fig. 
contained within four vertical planes passing through the centers 
four adjacent piers, and becomes identical with the several parts 
the latter but rearranged. 

The Segmentai Groined Arch Unit.—Let consider first the general 
case the (circular) segmental groined arch unit—the semi-circular 
groined arch unit being but the particular case which the rise the 
arch equal half the span—and 

Let half the span the arch; 
rise the arch; 
radius the arch; 
diameter semi-circular arch; 
length supporting piers; 
width supporting pier; 
width length pier the latter square; 

Referring Fig. the volume air space between the plane 
the springing lines the soffit and the vaulting equal eight 
times the volume the air space, so-called [being that seg- 
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ment cylinder underlying the portion the vaulting shown 
plan (Fig. 3), enclosed horizontal plane passing through 
the springing line, the soffit the arch and three intersecting 
vertical planes passing through plus the volume 
segmental cylindrical arch span rise and length equal 
n), the width plus the length the pier. 

The volume the air space may found the following 
manner: Passing vertical plane, perpendicular through any 
point distant from the line will cut from the }-unit air 
space quadrilateral shown Figs. and which the line 


the segment circle, and the area which indicated the 
expression: 


may readily deduced from Figs. and 

The volume air space underlying }-unit the (circular) seg- 
mental groined arch therefore found integrating the above ex- 
pression (2) between the limits and thus: 


o 


The volume the segmental cylindrical arch, span rise and 


length derived similarly (1), and indicated the 
expression: 


hence, the total volume air space the (circular) segmental groined 


arch unit between the plane springing lines and soffit arch equal 
(4) plus (5) (6). 
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3 
the pier area becomes equal point, (7) becomes, 


With the aid the above formulas the volume the (circular) 
segmental groined arch unit may readily found when the radius, 
span, rise and crown thickness arch, dimensions piers and form 
extrados are known. Thus, using the same nomenclature before 
(see page 296), the spandrel the arches filled with masonry that 
the extrados horizontal plane surface passing through the crown, 
which the depth masonry equal the volume masonry 
the (circular) segmental groined arch unit becomes, 


the extrados filling depressed over the piers the form 
inverted pyramid, the volume masonry would found de- 
ducting from (10), (11) (12) the volume that inverted pyramid. 

Or, finally, the extrados also segmental form, paral- 
lel the soffit the vaulting, the volume masonry the (circular) 
segmental groined arch unit would found deducting the vol- 
ume between the plane the springing lines and the soffit the 
vaulting, determined formulas (7), (8) (9), from the volume 
between the plane the springing lines and the extrados the vault- 
ing determined formulas (7), (8) (9), substituting therein, for 
the values the radius, span and rise the soffit arch, those func- 
tions the extrados arch, and, for the dimensions piers, the new 
values determined from the section cut the extrados from the pier 
the plane the springing lines. 
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Semi-Circular Groined Arch Unit.—Similar values for the semi-circu- 
lar groined arch unit may obtained directly substituting the 
formulas just deduced for the (circular) segmental groined arch the 
value the semi-span rise the arch, their equivalent, the 
radius the half the diameter, and are found 
Table No. 

The Elliptical Groined Arch Unit.—In deducing general formulas 
for the computation the masonry the elliptical groined arch unit 
vaulting, the same general methods analysis can used were 
followed the case the (circular) segmental groined arch vaulting, 
the only difference being that the transverse curve the arch varies 


Referring Figs. and the volume air space the 


elliptical groined arch between the plane the springing lines and 
the soffit the arch 


which analogous the expression deduced for the semi-circular 
groined arch unit (see Table No. 1). 
The volume the elliptical cylinder, span 2a, rise and length 
(m+n) 


Hence the total volume space between the plane the springing- 
lines and the soffit the vaulting elliptical groined arch unit is, 
when the pier area equal 


When the pier square, 
When the pier zero, 


And the volume masonry the elliptical groined arch unit the 
extrados which horizontal plane surface passing through the 


Formulas (18) (20), inclusive, refer the semi-circular groined arch unit, 
omitted here for lack space, but found condensed form Table No. 


11) 
(12) 
de- 
vol- 
the 
for 
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crown (at which point the masonry has depth thickness equal 
is, when the pier area 

When the pier square, 

When the pier area zero, 

Any difference the form the extrados back the vaulting 
may treated manner precisely similar that suggested for the 
segmental groined arch vaulting. 

Elliptical Segmental Groined Arch Unit.—Formulas have not been 
deduced for this form groined vaulting account the improb- 
ability its being used; for segmental arch required, the circular 
form would probably used preference the elliptical. any 
event, the deduction formulas cover this case would similar 
that already outlined for the circular segmental groined arch. 

Parabolic Groined Arch Unit.—The volume masonry involved 
the parabolic groined arch unit—that is, groined arch which the 
right section through the crown parabola with vertical axis and 
vertex the crown—may computed the same way the circular 


and elliptical groined arch units; bearing mind that the equation 


the curve has modified fit the parabola, 


The parabolic groined arch will found most convenient for use 
invert for the floor the reservoir filter bed, account 
its similarity the segmental groined arch, and the ease with which 
grade stakes can set for it. 


Referring Figs. and the volume air space the 


parabolic groined arch between the plane the springing lines and 
the soffit the arch is: 


The volume the parabolic cylinder, span 2a, rise and 
Hence, the total volume air space between the plane the 
springing lines and the soffit the vaulting parabolic groined 
arch unit is, when the pier area equals 


(29) 
| 7 


the 
ned 


(31) 


— 
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When the pier area square, 


2 
When the pier area zero, 


from which the volume masonry may computed previously 
outlined. 
CLOISTERED UNIT. 

Let now deduce formulas covering the same ground for the 
cloistered arch; the second step (see page 294) the computation 
the masonry the hypothetical roof under discussion. 

The cloistered arch unit differs from the groined arch unit, that, 
whereas the groined arches spring from piers points (or lines 
length equal the dimensions the pier), and meet the crown 
intersecting lines lengths equal the span plus the width and 
length, respectively, the pier, the cloistered arches spring from the 
side walls, lintel arches, lines the unit, and in- 
tersect the crown single point. Hence the same general 
method computation and mathematical forms were used 
for computing the masonry groined vaulting may used for 
cloistered vaulting, only the limits for integration sub- 
stituted therein. 

Segmental Cloistered Arch Unit.—Adopting the same nomenclature 
before, find determining the volume air space the 
cloistered arch shown plan Figs. and 14, that the 
from intersects therefrom partial segment whose area, 
semi-span, 

radius curve soffit segmental cloistered arch, 
equal to, 


‘a 
x 


Hence the volume air space between the plane the springing lines 
and the soffit the arch the segmental cloistered arch 


3 
q 
r 
| 
nit 
29) 
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And the volume air space between the plane the springing lines 
and the soffit the vaulting segmental groined arch unit, span 
2a, and rise 


Semi-Circular Cloistered Arch making the rise (which 
the semi-span) equal the radius the arch formulas 
(34), (36) and (37), for the segmental cloistered vaulting, have 
corresponding formulas for the semi-circular cloistered arch (see Table 
No. 
Elliptical Cloistered Arch Unit.—Similarly, the volume the air 
space under the elliptical cloistered arch 


And the volume the air space under the elliptical cloistered arch 
unit is, 
Parabolic Cloistered Arch Unit.—The volume the air space under 
the }-unit parbolic cloistered arch is, 
Sa. 


the aid these formulas may found, previously de- 
scribed, the volume masonry any cloistered arch, deducting 
from the computed volume circumscribed prism the volume 
the air space underlying the soffit the vaulting, together with the 
volume the air space, any, between the extrados and the hori- 
zontal upper base the prism which passes through the crown. 


302 
{ 2 
a b 
And the air space under the parabolic cloistered arch unit 


TABLE No.1. BETWEEN ARCH PLANE THROUGH SPRINGING LINES. 


oo} 
2 
(m+n) 
Cloistered 
References: 
radius arch. supported onepier and contained within the four 
=diameter semi-circular arch. vertical planes passing through the central axesand 
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should noted, moreover, that the dimensions (length and width) 
the prism circumscribing the cloistered arch are not merely equal 
the clear span both directions, but are each case greater than 
those spans amount equal the combined thickness the 
vaulting the two opposite springing lines, and hence equal the 
span plus twice the thickness the abutments. 


ArcH UNITs. 


Formulas for the volume the air space between the plane the 
springing lines and the soffit the cylindrical arch units have already 
been deduced, but are gathered here for convenience: 

For the segmental cylindrical arch, 


For the semi-circular cylindrical arch, 


For the semi-elliptical cylindrical arch, 


For the parabolic cylindrical arch, 


all which 
length cylindrical arch, 


radius arch, 
semi-span arch, 
rise arch. 


TABLES. 


Table No. contains, for convenience computation, the formulas 
just deduced relating the volume the air space between the 
plane the springing line and the soffit the vaulting the dif- 
erent types vaulting discussed. 

Table No. given comparison the ratios the volume 
masonry the groined, cloistered, cylindrical, and dome arch 
units, the pier area and width abutment which equal and 
which the extrados plane surface passing through the soffit 
crown the volume masonry circumscribed rectangular prism, 
passing through the same springing lines and soffit crown; which 
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table, though misleading certain respects, has, perhaps, compara- 
tive value, and that extent suggestive. 

Table No. contains comparison the amounts masonry 
the elliptical and semi-circular groined, cloistered and cylindrical 
arch units, with that circumscribed rectangular prism passing 
through the springing lines and the (extrados) crown the vaulting, 


based upon the following, and, perhaps, more satisfactory assump- 
tions: 


Piers square; 
Width piers thickness 


Thickness masonry crown.. span; 


Spandrels masonry level with crown (that is, extrados crown). 


TABLE No. 2.—Compartson Masonry GROINED, CLOISTERED, 
AND Dome UNITS; VOLUME CIRCUM- 
SCRIBED RECTANGULAR PRISM PASSING THROUGH SPRINGING LINES AND 


Pier area and width abutment and extrados horizontal plane 
surface through soffit crown: 


Air space Volume 
masonry. Cubic feet. rectangular 
prism. 
iptical Groine 
Parabolic Groined Arch ........ 
Elliptical Cylindrical Arch 21.46% 
Hemispherical 
REFERENCES: 


§ 


| q 
| 
q 
q 
2 
¥ 
q 
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TABLE No. GROINED, CLOISTERED AND 
UNITS, WITH VOLUME CIRCUMSCRIBED RECTAN- 
GULAR PRISM, BASED UPON THE ASSUMPTIONS: SPAN 
NESS CROWN SPAN; SPANDRELS FILLED WITH 
Masonry Crown (oF 


Volume cir- 
Description arch. cumscribed Ratio 
masonry. 


Elliptical Groined Arch. Pier thickness 3.0625 
span 


Parabolic Groined Arch 0.9514 


Elliptical Cloistered Arch, with abutment thick- 


The above comparisons are not absolute, the dimensions the circumscribin 
vary. Moreover, allowance has been made them for the masonry require 
the lintel arches from which spring the cloistered and cylindrical arches. 


The results are certainly interesting, and while the author does 
not propose discuss them here—as they speak for themselves—he 
would call attention the fact that they are not strictly comparable 
for large structure, for the reason that while the span, rise and 
crown thickness are the same all cases, the depth abutment 
piers (and consequently the amount masonry), varies, and for the 
further reason that allowance has been made for the amount 
masonry the lintel arches required the cloistered and cylindrical 
arches. This latter circumstance, however, the advantage 
the groined arch consideration its economy, compared with 
other types vaulting. 


Turning now from the subject the volume masonry the 
groined arch, let briefly touch upon method for studying com- 
puting the stability the groined arch. 


23.8 
21.0 
31.6 
iptical Cylindrical Arch, with abutment thick- 
il 
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Judging from the literature the subject, but little study has 
been given the stability the groined arch mathematicians und 
engineers bygone years. Dr. Hermann Scheffler, his Theorie 
der Futtermauern und Eisernen published 
1857, presented perhaps, least far the author has observed, 
the most complete analysis the subject that has yet been published, 
but based, like his discussion the cylindrical arch, the as- 
sumption the incompressibility the building material. Rondelet, 
about the same time, carried series experiments with differ- 
ent types arches upon small models, which experiments, though 
they seemed bear out deductions, can hardly accepted 
more applicable full-sized arches than are the early experiments 
Hodgkinson and Fairbairn upon small models applicable full- 
sized specimens timber, iron and steel. 

William Cain, Am. Soc. E., has also published short article* 
Voussoir Arches Applied Stone Bridges, Tunnels, Domes and 
Groined Arches” which will found helpful, and which was written 

More recently, however, Grande and treating 
Arches,” have outlined method which appears the 
empirical formula, and which herewith briefly abstracted and trans- 
lated: 

consider, then, the conditions stability which 
work this character presents. 


suppose that cut one the two vaults two vertical 
planes very close together, and normal the generatrices and 
Fig. 255. The portion the arch thus cut out cylindrical 
vault infinitesimal length, and has for its right section, symmetri- 
cal with reference the vertical plane through the crown, fraction 
the section the complete cylinder limited the vertical 
planes can compute the thrust exerted this arch 
its abutments, and determine the point intersection the 
line resistance, the plane the section. Let the weight 
this half incomplete arch and the thrust which exerts. 

consider the portion the arch which corre- 
sponds exactly that previously considered the adjacent vault. 


No. 42, Van Nostrand Science Series, 1879. 
No. 12, Van Nostrand Science Series. 


des Travaux Publics,” Ponts magonnerie, par Grande 
Résal. Vol. page 


j 
hal 
| 3 
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| 
4 
; 
| 
4 — 
| 
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Considering the identity which exists between these two fractions 
the arch from the point view the load, the length and the right 
section, the last will exert the same. horizontal thrust and its line 
resistance will cut the vertical plane through the same 
point 

The lines resistance these two arches therefore meet the 
same plane the groin; the vertical components these pressures 
combine, the one with the other, and the horizontal components, that 
say, the thrusts which cut each other right angles have for 
their resultant horizontal force equal and contained 
vertical plane 

Resuming now, the load supported the portion the groined 
arch has for result the development, the plane 
find. 

suppose that divide the half the vaulted arch 
ABS series vertical planes, FG, KL, 
into certain number slices, and that determine the preced- 
ing method, amount and direction, the resultant pressures trans- 
mitted these slices the plane the groin 

Fig. 256 represents the vertical section the groined arch cut 
the plane and have marked thereon the points applica- 
successive slices cut from the arch. will suffice, combine these 
different forces acting from the crown toward the springing 
obtain the curve the line resistance the plane the groin. 

total weight transmitted the upper section the 
column will equal the weight quarter the groined arch 
and the total thrust will the sum the partial thrusts 
lated separately for the different slices. 

cut the groin plane Fig. 255, which per- 
pendicular it. Let (Fig. 257) the point intersection this 
plane resistance, and the resultant the reactions trans- 
mitted the portion the groined arch which lies the groin between 
the crown Sand the plane MN. This force will distribute itself 
over certain zone the masonry, over one portion and another 
the plane symmetry and the total reaction the arch will 
definitely transmitted the column natural suppose 
that the zone masonry affected the force will sensibly limi- 
ted the vertical planes Sand limited the crown and the 
opposite corners column. This statement seems 
almost self-evident. 

Fig. 258 represents the section cut the plane from this 
prism masonry which called upon balance its molecular 
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action the force order that the work may stable neces- 
sary that the maximum pressure developed this section should not 
exceed the practical limit; can also calculate under all circum- 
stances the value this maximum pressure the formulas for the 
resistance materials. 

cases may present themselves: First, when the calculated 
pressure admissible. The work will 
then have the desired stability without 
modification. Second, when the point 
too near the upper summit corre- 
sponding the re-entrant angles the 
profile. necessary then reinforce 


the top the section masonry, and one 

this without difficulty (Fig. 258) 

filling the depression the surface 

the extrados the groined arch the 

plane AS. This reinforcement the 
theoretical diedral angle regular sur- 

the two vaults into accord, very fre- 
quently practiced builders. Third, 

when the point too near the inferior 

edge the work. This groin runs the 
danger, then, failing and crushing, 

rib and intimately bonded the mass 
the groined arch (Fig. 259). 


tects, which entirely justified, see, 
the theory arches. Sometimes this 
rib stops its junction with the column, 
the vertical ornament upon which 
rests; or, again, may continue from its 
junction with the column the bottom 
the latter, following the vertical edge 
Fig. 260 represents the plan work 
thus designed, and customary place the crown salient 
stone which the ribs the groin abut, and which forms 
motive decoration. happens sometimes that groined 
arches are formed the intersection two vaults the same rise 
but different span. this case the thrusts their vaults being un- 


ats 

nee 

4 tn 

a 

4 
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equal, the resulting pressures developed their vertical plane 
intersection will longer necessarily contained this plane. 

above-described method analysis perfectly applicable, 
however, though one recognizes general that this disposition 
less favorable stability, and should discarded when arches 
large dimensions and heavy loads are concerned.” 


apparent, course, that this method makes allowance for 
the greater stability the structure due the monolithic character 


the masonry when constructed concrete; which stability 
doubt materially increased thereby. 


drew the following conclusions from his analysis the 


page 183: 


striking fact that, comparison these different values 
for (the thickness abutment), all cases the thickness abut- 
ment fora free standing pillar the value which computed according 
(17), upon which two rib arches act right angles simultaneously, 
smaller than for simple cylindrical arch, for the unbalanced 
pressure resulting from single arch rib. The reason for this 
found the fact that whereas the first case, where all the forces 
unite along the diagonal, the moment the abutment grows accord- 
ing the 1.414 times; under the same conditions, the moment 
the injurious (harmful) horizontal forces, only increases their 
junction; while the lever arm, therefore, also the moment the verti- 
cal forces favorable stability, increases greater proportion, 

results (which vary materially for greater coefficients 
stability, have seen above) find noteworthy confirmation the 
practical investigations with models Rondelet, which are described 
his L’Art Book IX, 6th section, chapter (page 327 the 
German translation), and according which, for the limit equilib- 
rium equal span widths, the thickness abutment dome arch, 
cloistered arch, cylindrical arch and groined arch, are 
about the proportion the numbers 6.” 


Albert Hébrard his book L’Architecture gives empirical 
formula for the determination the thickness supporting pier 


groined arch which reduces the form: when 


equal greater than the span which 


thrust crown arch between piers; 
L 


distance crown points, span plus width 
pier; 
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ment. 
But will noted that the thrust the cylindrical arch has first 
determined, and the formula best only indirectly applicable. 


Recent EXAMPLES THE UNITED 


But few examples the use the groined arch its simplest 
form reservoir filter bed covering are found, either the 
United States abroad. Their introduction for such purpose this 
country was due William Wheeler, Am. Soc. E., Boston, 
who first made use them the construction the covered sand 
filters designed him for the Ashland (Wis.) Water Company 
1895 (see Plate VI, Fig. 2). The groined arches there used were, 
appears Mr. Wheeler’s paper the Ashland filters, read before the 
New England Water-Works Association, March 10th, 1897: 

Elliptical arches 15.75 ft. span and 3.50 ft. rise. The arch rings 
are about ins. thick, consisting two courses bricks laid flatwise 
Portland cement mortar. The spandrels the arches and the 
spaces over the piers and adjacent walls are filled and covered with 
backing Portland cement the general level ft. 
above the spring the arches, but sloping down height ft. 
only, above the springing line the rear the outside wall.” 


The arches cover effective area about half acre, three 
compartments, and are protected earth embankment ft. 
depth covering them. 

1896 groined arches were again used the same engineer 
cover another sand filter, designed him for the Somersworth (N. 
H.) Water Works (see Plate VI, Fig. 1). These arches, which cover 
effective area half acre, were also elliptical, span ft., 
rise ft., built one course brick, laid edge, backed with Port- 
land cement concrete horizontal plane; making the depth 
masonry the crown ins., covered with from ft. earth and 
gravel. 

They were also used Freeman Coffin, Am. Soc. E., 
1897, covering for reservoir designed him, and built for the 
Wellesley (Mass.) Water-Works upon Maugus Hill. These groined 
arches were also elliptical, constructed entirely Portland cement 
concrete, 12-ft. span, 2-ft. rise and with spandrels filled depth 


+ 
| 
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giving ins. crown, covering circular reservoir ft. diameter, 
and supporting earth and gravel filling ft. deep. 

And, finally, Allen Hazen, Assoc. Am. Soc. E., has made use 
them the newand excellent sand filter plant recently designed 
him, and now under construction, for the Albany (N. Y.) Water- 
Works. 

These examples the groined arch, engineering structures 
such character, limited they are number, are all the United 
States that have thus far (February, 1898), come the knowledge 
the author, but seems highly probable that with the great awaken- 
ing questions relating bacteriological conditions water sup- 
plies, the construction covered filters and reservoirs will multiply. 
And reason the subject groined arches covering for 
reservoirs and sand filters has seemed the author pertinent 
this time. 


a. 
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interest, and the double curb innovation that may found 
useful where other means fail. Itis much regretted that nothing 
said either the paper the discussion the cost the im- 
provement. This certainly factor too much importance 
disregarded municipal engineer. Concrete curb with gutter 
attached, similar that described the paper, has been laid, under 
the writer’s specifications, for cents per lineal foot. will 
interest know whether the double curb cost twice the above amount. 

The writer agrees with Messrs. Tillson and Hankinson that the 
second step would better have been omitted the curb and placed 
near the fronts the buildings. 

Two steps might even have been used such location. 
once improved apt retain its cross-section for many years, while 
would appear from the photographic views that many the build- 
ings will replaced before very long and then the suggested steps 
front them could done away with. 

The relative widths sidewalks and carriageway are con- 
nected with the question economical improvement. would seem 
that the 90-ft. streets would have looked better, would have amply ac- 


Continued from April, 1899, Proceedings. See February, 1899, Proceedings for 
Paper, Robert Woods, Jun. Soe. E., the subject. 


Mr. Andrews. 
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commodated all traffic and would have been more economically im- 
proved with 20-ft. sidewalks and 50-ft. carriage-way, while the 66-ft. 
streets, with 30-ft. carriage-ways, would certainly accommodate all 
vehicle traffic place the size Wabash. would much cheaper 
construct sidewalks than equal areas asphalt pavement. 

The writer agrees with Mr. North the superiority stone over 
concrete for curbs. The concrete gutter peculiarly objectionable 
account the running joint its outer edge; this quite apt wear 
into rut, trouble experienced with all such joints where the wheel 
traffic considerable. 

not apparent that extra pitch, transversely, was needed for 
the gutter. The general contour the street might have been main- 
tained, usual, the vertical face the curb. 

seems the writer that the author and Mr. Tillson are correct 
their objections absolutely plane surface for the pavement, 
although they differ from Mr. North this respect; but quite 
serious the level surface resulting from the use circular- 
are cross-section, with gutters equalelevation. Referring Section 
No. 12, seen that for ft. the center the carriage-way the rise 
only practically impossible avoid depressions along 
the center the street where slight rise attempted. 

the amount crown given street with gutters equal 
elevation, the writer prefers rather than the width car- 
riage-way flat transverse slopes and avoiding de- 
pressions, while the water more rapidly brought tothe gutters. The 
ratio practically that used the author, the radius his circular 
segment then being nine times its chord. The variation between the 
circle and the parabola extremely minute that the cross-section 
may termed circular with perfect propriety. The ordinate the 


parabola while the ordinate the circular arc 


2 t 

near (the author gives For the parabola will 0.5186, 
4 


while the second term, increases this only 0.0004, the third 


term being too small considered. 

The writer, number years ago, abandoned the form 
cross-section and has adopted, for some miles pavement 
concrete foundation, form intermediate between the circular are and 
straight lines forming chords half the are. 

According Thomas Codrington, his article roads,* this form 
used London, and Mr. Hankinson’s proportion that 


*Encycl. 
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which the crown bears the ordinate the quarter, also agrees with Mr. Andrews. 


this cross-section. useful comparison between this form and the 
circular arc can made considering the rates per cent. the 
slopes different parts the transverse section. represents the 
ratio width crown, and the carriage-way trans- 
versely divided into eighths; then the rates per cent. the four divis- 
ions lying between the center and the gutter, starting the center, 


150 250 350 
are: For the circular are, and and for the im- 
125 175 225 275 


proved form mentioned, and respectively. For 


example, with 72, the slopes the circular are are 2.08%, 
3.47% and 4.86%, while the preferred has slopes 1.74%, 
2.43%, and 3.82%, being less flat the center and flatter the 
gutters than the circular are. thus considering the rates per cent. 
different portions the cross-section, easy perceive the effect 
unequal heights gutters the slope the line between them 
expressed the rate per cent. 

would interesting know from the author how nearly 
succeeded, practically, securing the cross-sections called for 
his theoretical investigations. The writer has found quite im- 
possible dense, wet clay form the subgrade exact shape. 
10-ton roller will make waves and depressions both longitudinal 
and transverse, yet the concrete and pavement will stand well when 
the work complete. the writer’s practice the curbs are first 
placed, and, means cord stretched between them and meas- 
ured offsets the subgrade approximately formed and then rolled. 
The cord again used and iron rods are driven the eighths 
transverse width; the top the concrete marked these with 
chalk and the subgrade then shaved off, generally, filled up, 
rarely, until exactly the proper distance below the chalk marks. 
Concrete then spread and, afterward, the iron rods are pulled up. 
For brick pavement fine sand spread the concrete, and 
then struck means resting rollers running the 
curbs. This template formed with considerable exactness and can 
used widths carriage-way ft. For greater widths 
template half the width the carriage-way used, running one 
curb and timber laid temporarily the center the street. 
These templates have two rollers each end; the faces the rollers 
are slightly wider than the curb thickness. They are swivelled 
that one end the template can drawn advance the other, 
thus accommodating varying width carriage-way much 
6ins. The sand cushion formed with great nicety this means; 
then dampened, the bricks are laid and afterward rolled with 
5-ton roller. The pavement then carefully inspected and imperfect 


: 
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bricks are replaced. The sand cushion hard and compact, and the 
contact with the bricks perfect. The joints are then grouted with 
Portland cement and sand equal parts. The writer has laid 
brick pavement this manner and has observed rumbling 
distortion such has been the cause complaint some cities. 
The bricks used have been red shale all cases. 

Mr. Owen’s suggestion depression the center the street 
worthy serious consideration. The writer has often been im- 
pressed with the desirability such form cross-section when for 
several months the gutters are filled with snow and ice, and times 
thaw all drainage necessarily the center the street. Except 
the case alleys where there are sidewalks the writer has, how- 
ever, never used cross-section throwing the water toward the center 
the carriage-way. 

low retaining wall ft. high has been used with advantage 
place acurbstone the high side carriage-way. Troy, 
Y., there exists such wall nearly ft. height. 

the improvement the streets the older and the hilly 
cities the municipal engineer often despair the difficulties 
arising from the original and grossly improper formation the street. 
The author congratulated the comparatively easy nature 
the problem and the readiness the inhabitants, commend- 
able unusual, co-operate with him the carrying out his 
plans. 


Woops, Jun. Am. Soc. E.—It appears probable that 
methods street construction may vary different parts the 
country and still suited their respective localities and attending 
circumstances. 

The method shaping unbalanced cross-sections recommended 
Mr. Tillson was used the author Miami Street (Sections and 
2), and would have been used throughout the improvement, but that 
its continued application would have produced resuits apparently 
more unsatisfactory than the double curb. 

The five sections rearranged Mr. Tillson are not practical 
might appear from casual inspection them singly. his Sec- 
tion No. the east gutter Miami Street raised ins., leaving 
but ins. block This, obviously, would not answer. 

raising the west gutter Wabash Street ft., shown his 
Section No. the grade the gutter the alley north Canal Street 
would in. above the sidewalk. 

his Section No. the slope the south walk Market Street 
lessened 0.20 which sufficient for that walk; but the longi- 
tudinal grade the west walk Wabash Street not great the 
Market Street walk, and thereby reduces the cross-slope the 
Wabash walk 0.08 ft. in. per foot, which not enough. 
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The predominating slopes used Mr. Tillson the roadway Mr. Woods. 


revisions appear far too slight for the existing conditions 
Wabash, and from this standpoint the author believes they are not 
acceptable. 

The author’s Sections Nos. and show the slope the roadway 
from one gutter the other, but connection therewith 
should that either these sections warped boned-in 
section, and was exhibited merely show partial detail the manner 
which the Market Street grade was merged into the hill-side grade 
Wabash Street. place the improvement does water 
drain transversely the roadway from one gutter the opposite; 
the longitudinal grade the north gutters Market Street, the 
warped sections cited. each being 3%, the water carried them. 

has been suggested that the extra step should have been placed 
the building line, orat the area line. illustrate the local feeling 
concerning such location, may stated that the original grade 
the north walk Market Street from Wabash Street westward 324 ft. 
was flush with the lower curb; but before this particular walk was 
constructed the nine abutting property owners signed petition ask- 
ing the Common Council raise the grade means the double 
curb, and the expense the abutters. This petition, which had 
been presented after most the double-curb work had been con- 
structed, would lead one presume, that from local standpoint the 
curb was not considered unsightly and in- 
dicated Mr. Tillson. 

The total extra cost the improvement the abutting property 
owners adjacent the double curb was but cents per foot more 
than those along the single curb. 

Mr. Evans believes the double curb would repository for filth, 
yet during the nine months that have elapsed since the construction 
has not been, nor should become so, for should the merchants fail 
sweep the curb when they sweep the walk, the drainage from the 
walks, upon the smooth cement surface the curb, which has cross- 
slope in. per foot, would ample keep sanitary con- 
dition. 

Mr. Owen’s preference for single high step the curb, when 
necessary, well founded where there much transfer heavy 
merchandise; but Wabash the freight transferred from the wagons 
the buildings the 16-ft. alleys. 

was the peculiar local conditions surrounding the district im- 
proved that caused the author arrange the double curb used, and 
the results are decidedly satisfactory. 
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DRY DOCKS—STONE vs. WOOD. 


Informal 


thoroughly accord with those who hold, that while commercial 
company, private individual, may justified, from financial con- 
siderations, the use timber for these works, yet that great 
and wealthy maritime nation would ill advised if, through the 
parsimony its rulers, other than the best and most enduring ma- 
terial were made use constructions which time war the 
efficiency and possibly the very existence its fleet might depend. 

The dry dock Esquimalt, C., was opened July, 1887; 
Cormorant being the first enter. 

Its dimensions are: Length floor, 450 ft., which can increased 
481 ft., berthing the caisson the outer invert; breadth 
entrance, ft.; breadth coping, ft.; breadth floor, ft.; 
depth sill ordinary high water, ft., and high spring tides 

The body the dock constructed concrete faced with 
masonry. 

From the bills quantities there were used its construction: 
639 cu. yds. concrete, 556 cu. yds. brickwork, and 109 887 
cu. ft. masonry. 

Its cost was about $900 000. 

*The discussion this subject, for which formal paper 
here continued from the Proceedings March, 1899, order that the views expressed 


may brought before all members the Society for further discussion. (See rules 
for publications, Proceedings, Vol. xxv, 71.) 
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has been almost constant use for nearly years, and the Mr. Mohun. 


writer informed the Dock Master that the repairs the body 
the dock, during that period, have been effected the cost five 
barrels cement and week’s wages mason. 

During the last years the cost replacing defective work the 
caisson chamber and pump wells has been about Owing 
the records having been destroyed fire, impossible give the 
correct figures. Much appears have been caused 
the use brickwork the pump wells and entrance works. The 
writer regrets his inability the present moment furnish the 
actual cost these repairs, but appears reasonable assume that, 
had the same material been used the body the dock, their cost 
would have been reduced minimum. 

The pumps have been furnished with two new sets rubber 
valves, and new pinion and spur wheel have been added the 
machinery. 

Irrespective the tendency, late years, increase the size 
warships, would seem, that fulfill all the conditions under which its 
services might needed, dry dock should long enough take 
the longest vessel the fleet, wide enough the entrance take 
that the greatest beam, and with depth the sill take that 
the greatest draught. 

The following are the dimensions the largest ships the British 
Navy: 

Battle-ships, Majestic class: Length, 390 ft.; beam, ft.; draught, 
ft. There are nine this class. 

The Powerful and the Terrible are the two largest cruisers the 
British Navy afloat, and have length 500 ft., beam ft., 
and draught ft. 

appears the writer that the least dimensions dry docks for 
the use the British Navy outlying stations would be: Length 
floor, 500 ft.; width entrance, ft., and depth sill. ft. 
Probably few engineers would recommend the construction timber 
docks such dimensions receive battle-ships 000 tons dis- 
placement. 

few weeks ago the writer was discussing with the captain 
the flagship this station the size docks required the later 
additions the British Navy, and that gentleman pointed out that 
under certain possible conditions very great depth the sill might 
needed. must understood that this was simply conversa- 
tion and possibly might not the result mature consideration 
his part. 

For instance, suppose vessel with her bows stove and her 
forward compartments full water, the result perhaps naval 
action collision; obvious that she would down the head, 
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possibly ft. more than her normal draught, and enter the dock 
would need great depth the sill. The officer above referred 
suggested that depth ft. the sill might required such 
emergency. 

the writer this entirely new view, which does not 
feel competent express opinion. 

case somewhat point, however, occurred here few years ago. 
The second-class cruiser, Amphion, 4300 tons, with usual draught 
ft., was taken into dock after ripping her bottom rock. 
She reached the dock high water, and was just able enter, graz- 
ing the sill. 

The Admiralty grant toward the construction the Esquimalt 
dock was $250 000, and this single use the dock probably recouped 
the amount and possibly saved vessel the British Navy. 
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INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


COMPARATIVE TESTS BITUMINOUS STEAM 
COALS. 


Discussion.* 
Esq. 


Kent, Esq.—This paper valuable contribution the 
knowledge the heating value some the most important Ameri- 
can coals, and Mr. Hill congratulated having presented one 
the most important papers this subject which has yet ap- 
peared. 

The author has had opportunity which few engineers have ever 
obtained making systematic series tests coals mined over 
wide extent territory, with conditions under his control, and with 
facilities for making both chemical and calorimetric tests. 

All the results which the opportunity offered have not been ob- 
tained the author, nor has drawn all the conclusions which 
might have been drawn, and the speaker will have find fault with 
some details his methods and with some his figures. 

The map, Fig. showing the location the coal fields, especi- 
ally commended. The chief factor which determines the heat- 
ing value any the coals mined east the Mississippi the geo- 
graphical location the mine. satisfactory study American 
coals can made without map showing the location the mines. 


*This discussion (of the paper John Am. Soc. E., printed Pro- 
ceedings for April, 1899), printed Proceedings order that the views expressed may 
brought before all members the Society for further discussion. (See rules for 
publication, Proceedings, Vol. xxv, 71.) 

Communications this subject received prior June 1899, will printed 
Proceedings, and subsequently the whole discussion will published 
Transactions. 
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regard the methods testing, the author was fortunate 
having internally fired boiler which could driven uniform 
rate and thus keep the loss radiation practically constant. was 
unfortunate, however, having the rate evaporation between and 
lbs. per square foot heating surface per hour, high 
far beyond the point maximum economical performance. was 
also unfortunate not having furnace and combustion chamber sur- 
rounded fire brick, which would have been great assistance 
burning completely those coals which had over over volatile 
matter. 
The author says: 
results given the tables are case supposed indi- 
cate the best possibilities with these coals. The author re- 
gards the results obtained this method handling the coal more 


satisfactory the buyers and users coal than those which might 
have been obtained expert 


The results are certainly below the best possibilities the coals. 
They could not anything else, with the boiler driven beyond 
its economical rating, with furnace not adapted for burning the 
volatile gases, and with only the ordinary firemen. This may 
satisfactory the buyer and user the coal, but should not 
satisfactory the seller the coal nor engineer. The object 
the tests appears have been determine the relative value the 
coals. each coal had been tested such manner develop its 
best possible results, with clean boiler, with expert firemen and with 
boiler not over driven, the results then could taken expressing 
the true relative value the different coals. But when conditions are 
unfavorable, were these tests, there way determining 
that they are not more unfavorable for one coal than for another. 
Unfavorable conditions are variable conditions, and they should 
avoided testing coals, boilers and engines, just much racing 
horses. 

example the effect what was probably variable firing 
seen the figures for Pittsburg coal, for the item pounds steam 
from and 212° per pound Tables Nos. and 


NAME. Lump. Barge Run.| Mine Run. Nut and Slack. 


Brown 


9.24 
Woods 


There can doubt that these coals were practically the same 
quality, and might expected that these tests would give some 
knowledge the relative value different sizes. But the highest 
figures are given the Barge Run for the Brown coal, the Lump 
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for the Catsburg, the Nut and Slack for the Cincinnati, and Mr. Kent. 


the Mine Run for the Woods. The Brown coal about better 
than the Woods, judged from the Barge Run tests; but poorer 
than the Woods, judged the Mine Run tests. 

The author has something say concerning curve which the 
speaker plotted from the results Mahler’s experiments France 
1892. 

The speaker will not undertake present defence this curve, 
but will only say that the results presented the paper have not 
caused him modify any degree the latest statements has made 
relation it, giving the limitations its usefulness. 

The results given the paper will now taken and few con- 
clusions drawn therefrom. 

The data give three different ways estimating the probable heat- 
ing value the several coals: (1) The determinations the Carpen- 
ter calorimeter, (2) the approximations the use the speaker’s 
curve, and (3) the results the boiler tests. Each these three 
methods subject error. 

The Carpenter calorimeter means recognized being 
accurate instrument the Mahler calorimeter. greatly 
regretted that Mr. Hill did not have his results checked Professor 
Lord, Columbus, with his Mahler calorimeter. The standardizing 
and the manipulation the Carpenter calorimeter matter great 
delicacy, and any work done have scientific value, should 
done expert. 

The use the speaker’s curve depends accuracy the proxi- 
mate analysis the coal, which not easy obtain, may 
found sending duplicate samples coal three more chemists 
for analysis. The speaker does not claim for his curve greater ap- 
proximation accuracy than 3%, even when the analysis accurate; 
and liable somewhat greater error than this coals that are 
high volatile matter, such the Pittsburg and Thacker coals. 

The best boiler tests are subject error about 3%, and, 
already shown, these particular boiler tests show some evidence 
having even larger errors, or, more properly, larger variations from 
the results which were possible under the given conditions. 

There strong probability that the efficiency the boiler, 
barring unavoidable variations due irregularity firing and the 
ordinary errors test, approximately uniform for all the coals 
given class, and assume certain efficiency boiler for these 
tests, will arrive thereby approximation the heating value 
the coal. There can this method there ap- 
parently the calorimetric results obtained Mr. Hill. For 

Mineral Vol. and revised with the addition the results 


Lord and Haas, 1898; Transactions, E., Vol. xxvii, 955; and Transactions, 
E., Vol. xx. 
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Mr. Kent. instance, Table No. the efficiency the boiler when testing 


Loup Creek, Mine Run coal was only while was 
with the Belmont Splint, Mine Run, over 20% higher. This only 
partly explained the poor result the boiler test with the Loup 
Creek coal, must largely due incorrect calorimetric 
result with the Belmont coal. 

may assumed, for the purpose this study, that the three 
different estimates the heating value these coals are equal 
credibility, and that somewhat near approximation their true 
heating value can obtained averaging the three estimates. 
obtain convenient approximation the heating value the coal 
from the boiler tests, the speaker has multiplied the figures represent- 
ing the evaporation per pound combustible 500 for the Poca- 
hontas, New River and Loup Creek coals, and 1600 for all the other 
coals. This equivalent boiler efficiency 64.38% 
for the three coals first named, and 60.36% for the other coals*, which 
fair assumption, since the three distinct class, semi- 
bituminous, and always, internally fired boilers, give higher effi- 
ciencies than the bituminous coals. 

From the several results the speaker has selected the best obtained 
from each coal, whether Lump, Barge Run, Mine Run, Slack, 
thus giving each coal the advantage the best showing made. This 
seems only fair each coal, and does not seem fair depre- 
ciate the value Loup Creek, which gave 10.63 lbs. evaporation 
Lump coal crediting with the extremely low figure 9.13 for the 
Mine Run coal, which was doubt due improper firing. 

Making the calculations this way, theresults given Table No. 
have been obtained. 

will noticed that the average figures column show 
much higher degree uniformity than the figures columns and 
and somewhat higher degree uniformity than the figures 
column The last three columns show the differences columns 
from the average. Comparing these figures differences 
the following results are found: the twenty-three coals the max- 
imum difference between the average and the three individual results 
for each coal occurs times column representing the variation 
the Carpenter calorimeter results from the average; once column 
representing the variation the results obtained the Kent curve 
from the average; and times column representing the variation 
between the boiler test results and the average. The minimum differ- 
ence, the nearest approximation the average value, occurs times 
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average difference 418 239 column and 339 col- 
umn 

Thus, three different methods comparison the Kent curve 
shows closer approximation than either the calorimeter the boiler 


test the average heating values obtained from the three different 
methods estimation. 


curve. test.* Average. 

Catsburg, 
Cincinnati, 

bi 2, RR 15 440 14 780 15 766 15 329 —111 549 —437 
Keystone......... . 15 448 15 490 15 501 15 480 32 — 10 — 21 
Winifrede...... --| 14 698 15 375 15 853 15 307 614 — 68 —546 
Thacker...... --| 15 554 15 400 16 205 15 720 166 820 —485 
Cedar 422 120 746 429 309 —317 


multiplying the pounds steam from and 212° 1590 for the 
New River, Loup Creek and Pocahontas coals, and 600 for all the other coals, This 


equivalent assuming boiler efficiency 64.5% for the three coals named and 60.4% 
for the other coals. 


Average columns and only, the figures column being considered incredi- 


The speaker appends the following remarks, showing the conclu- 
sions has reached from earlier studies relation the heating 
values semi-bituminous and bituminous coals mined different 
districts, which conclusions are confirmed this study Mr. Hill’s 
paper. 

Draw line northeasterly from the Pocahontas field, shown No. 
the map, Fig. the boundary line between Virginia and West 
Virginia, through Maryland little west Cumberland and through 
Somerset, Cambria and Clearfield counties Pennsylvania. This 
line, 250 miles length, will pass through the coal fields containing 
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the best steam coals mined inthe United States. remarkable feature 
these coals their uniformity chemical composition, their com- 
bustible portion varying only within from 80% fixed carbon 
and 20% volatile matter. The heating power likewise remarkably 
uniform, averaging 750 per pound combustible, with 
probable maximum variation not over each side this 
figure. The ash and moisture all the coals along this line are also 
very low, the ash varying doubt with the care used preparing the 
coal for market the individual mines. These coals are properly 
classed semi-bituminous. 

Traveling northwestwardly, right angles and from any point 
this line, found that the coal gradually increases volatile 
matter, and decreases heating value. mined the line 
the volatile matter only about 20% the total weight the com- 
bustible, but all nearly the composition marsh gas, H,, 
having but little oxygen; and every pound worth nearly 
carbon. Further the northwest, however, while the propor- 
tion volatile matter increases, becomes poorer quality, being 
higher oxygen. some parts Ohio the volatile matter 
worth more per pound than carbon, and most coals 
worth less. 

Referring the map, Fig. found that, with the exception 
the Jackson, Ohio, and Jellico, Kentucky and Tennessee coals, 
which the author had only few samples, nearly all the coals tested 
him were mined not very far distant from the northeast and south- 
west line described. The Pocahontas, New River and Loup Creek 
coals are the line, and their heating value averages approximately 
800 per pound combustible. The Pittsburg, Monongah, 
Winefrede and Kanawha, and Thacker fields lie some distance 
the northwest the line. The Pittsburg coals are the farthest away 
from the line, and their probable average heating value 100 
All the other coals, the fields previously named, from 
Fayette, Kanawha and Mingo counties, West Virginia, from sixteen 
different mines, scattered along northeast and southwest line over 
150 miles length, have heating value the entire range which, 
(omitting the Belmont Splint coal, the apparent average heating value 
which doubt too low), only between the figures 739 and 
782 per pound combustible. The average these 
figures 260 U., and the range either side this average 
only 3.4 per cent. This result confirmation the conclusion 
reached Professors Lord and Haas their paper the 
tions the American Institute Mining Engineers, the effect that 
the coals mined given seam, over considerable area territory, 


have substantially uniform heating value per pound the com- 
bustible portion. 
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information which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


WATERMAN STONE, Assoc. Am. E.* 
1896. 


Waterman Stone was the eldest son Lemuel Stone, one 
the engineers engaged early railroad work New England, and 
was born Cumberland, I., March 10th, 1847. His engineering 
training was under his father’s direction. 1871 succeeded his 
father Superintendent and Engineer the Providence, Warren and 
Bristol Railroad, and during the eighteen years held this position 
designed and supervised all theimprovements made the road. The 
most notable these was the construction curve 211 ft. radius 
the main line, just outside the City Providence, I., enable 
trains enter and leave the city head on. 130 ft. high rose 
irom the East Providence shore the Blackstone River the point 
where the railroad crossed, and since the construction the road, trains 
had been run Y-track above the bridge, and were pushed and 
out the city. Mr. Stone put 27° between the river’s 
edge and the bluff. modified Fairlie type locomotive was built 
haul trains around this curve and standard eight-wheel American type 
locomotives were alsorun overit. The forward pair driving-wheels 
such engines was equipped with blank tires with width tread 
and third and fourth rails were laid the curve for the blank tires. 

the absorption the Providence, Warren and Bristol Railroad 
the Old Colony system, Mr. Stone removed Kansas City, Mo., 
where became Superintendent the Inter-State Rapid Transit Rail- 
road. This was cable railway, but during the four years his ser- 
vice electric traction was installed. Returning the East, Mr. Stone 
began practice consulting engineer, with especial reference 
electric railroads. had built several roads and was engaged upon 
others the time his death. 

Mr. Stone was man sterling character, and his kindly dispo- 
sition and love fair play made him popular with his employees 
with his more general acquaintance. mathematical tendency, 
was earnest student fields not bounded his professional 
practice. was elected Associate the American Society Civil 
Engineers, December 1886. While the West was Secretary 
and Treasurer the Engineers’ Club Kansas City, and was the 
first Secretary the American Society Railroad Superintendents. 


Memoir prepared the Secretary from information furnished through 
Dawley, Am. Soc. E., and from papers file. 
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WILLIAM GARNETT WILLIAMSON, Am. E.* 


2p, 1898. 


William Garnett Williamson, eldest son General Thomas and 
Louisa Garnett Williamson, was born Norfolk, Va., December 13th, 
1840. attended Fuller’s Classical School, Lexington, Va., andthen 
entered Washington College (now Washington and Lee University), 
Lexington, Va., from which was graduated 1859, with the degree 
was afterward privately instructed Civil Engineering 
his father, who, for nearly fifty years, was Professor Engineering 
the Virginia Military Institute. His first service engineer was 
with General Robert Rodes upon Alabama. break- 
ing out the Civil War volunteered the Confederate Army 
private the college company, but was soon transferred the Rock- 
bridge Artillery, and served with that battery under Captain, afterward 
General, Pendleton until was Lieutenant Engi- 
neers and assigned command General Cap- 
tain Pendleton was the Rector Grace Church, Lexington, and some 
Mr. Williamson’s earlier military service was thus with his friend, his 
pastor and the instructor his boyhood. First Lieutenant 
Engineers, Mr. Williamson was assigned the First Regiment 
the Army Northern Virginia. was subsequently promoted 
the Captaincy Company that regiment, and served with until 
the surrender Appomattox Court House, where was paroled. 

After the war Mr. Williamson went Mexico and there engaged 
the construction the railroad between Vera Cruz and the City 
Mexico, which Colonel Andrew Talcott, father his regimental 
commander, was the Chief Engineer. Returning Virginia 1867 
was for six years engaged railroad work Virginia, North Caro- 
lina and Kentucky. From 1871 1873 was charge the 
construction shops, depots and yards, for the Chesapeake and Ohio 
Railroad, Huntington, Va., and was Division Engineer the 
road. From 1874 1876 was Assistant Engineer the Tennessee 
Riversurveys. Returning railroad work, year was passed 
service the Buchanan and Clifton Forge Railroad Virginia, 
Division Engineer, and 1878 was again the Government service 
Assistant Engineer survey work Currituck Sound, C., the 
Nattoway, Chowan and Tar Rivers. 1879-1880, was with the 
Richmond and Danville (now the Southern) Railroad Engineer 
Bridges, under Colonel Henry Douglas, Am. Soc. E., with 
whom was associated for several years. From 1880 1882 was 
Assistant Engineer with the late General Quincy Gillmore, Am. 


Memoir prepared the Secretary from information furnished Cut- 
shaw, William Cain and Geo. Earl, Members, Am. Soc. E., and from papers file, 
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Soc. E., the United States Survey the Altamaha and Canoochee 
Rivers Georgia, and later was Assistant Engineer the survey 
the Cahaba Coal Field, Alabama. 

next undertook the construction sewerage system for 
Montgomery, Ala., from the plans Rudolph Hering, Am. 
After the completion these sewers, 1883, was elected 
City Engineer Montgomery, and inaugurated plan improve- 
ments for that city. The work city engineer did not suit his 
sensitive nature, and 1888 resigned this position and again 
entered the government service United States Civil Assistant En- 
gineer the Alabama River under Captain Hoxie, where remained 
about one year. 1888 opened office Montgomery, Ala., for 
general engineering work, which venture George Earl, Am. 
Soe. E., was associated with him. The firm continued for only 
about two years, during which time sewer design and construction and 
water-works extension for Americus, Ga., and sewerage plans for 
Columbus, Ga., were undertaken. Mr. Williamson had other work 
hand the same time, including sewerage plans for Sheffield, Ala., 
and the improvement the grounds the Alabama State Capitol. 
Government work and surveys, where could surrounded 
friends, were always attractive Mr. Williamson, and hence, 1891, 
went with the United States Engineers river and harbor work 
again. was engaged under Major Mahan United States 
Civil Assistant Engineer the Coosa River, where remained until 
the war with Spain began, when was transferred Pensacola, 
and had charge work upon fortifications and harbor defences. 
While upon this work the climate and overwork brought attack 
dysentery which resulted his death. 

Mr. Williamson was descended from English ancestors through 
line distinguished Virginians. was engineer more than 
usual ability, both theory and practice, better mathematician 
than most engineers ante-bellum college training, precise every- 
thing and excellent draftsman. was devoted his profession 
and untiring his man varied experience, and, the 
words one who was associated with him, ‘‘so honorable every 
relation life, particularly professionally, that there would 
need code ethics profession, were all its members but 
one-half far above temptation was Captain Williamson.” An- 
other engineer writes him ‘‘one the most open-hearted and 
lovable men, honest and true fault, and, withal, man 
uncompromising principle.” married Miss Bettie Cralle, Hunt- 
ington, Va., October 10th, 1873, and she survive 
him. 

Mr. Williamson was elected Member the American Society 
Civil Engineers April 4th, 1883. 
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THOMAS SPARKS BISHOP, Am. E.* 


1898. 


Thomas Sparks Bishop was born March 12th, 1846, near Columbus, 
Burlington County, and his early educa- 
tional facilities were such were usually afforded the ordinary 
country public and private schools. Before entering college was 
pupil Westtown Boarding School near Westchester, Pa. 

entered the Philadelphia Polytechnical College September, 1864, 
and jwas graduated Civil Engineer June, 1866. The Master’s 
degree was conferred upon him 1869. the succeeding Au- 
gust was appointed Rodman the engineer corps the Camden 
and Amboy Railroad, and was engaged the location and construction 
the Pemberton and Hightstown, and Camden and Burlington County 
railroads until their completion, about year and half later. 

March, 1868, was appointed Assistant Engineer the Free- 
hold and Squankum Marl Company’s Railroad, after the location 
which, June that year, was recalled the main line the 
Camden and Amboy Railroad the capacity Assistant Engineer. 
his other duties there, had charge until January, 1872, 
the location and construction various branch railroads. During 
this time, however, was Resident Engineer take charge 
the construction the inclined plane machinery, etc., the Bing- 
ham Mining and Lumber Company Renovo the Philadelphia and 
Erie Railroad, where was engaged from September December, 1868. 

January, 1872, after the lease the works the United Com- 
panies the Pennsylvania Railroad Company, was appointed 
Assistant Engineer Construction the United Railroads New 
Jersey Division, and December that year was assigned engi- 
neer charge the improvements Harsimus Cove and Bergen 
Hill, Jersey City. Upon their completion January, 1875, was 
transferred Trenton, J., where made re-surveys the various 
railroads the United Railroads New Jersey Division for the real 
estate and maintenance way departments, until May, 1880, when 
resigned accept appointment engineer with the Russell 
Erwin Manufacturing Company New Britain, Conn. served 
that capacity for eighteen years, resigning his position June 1st, 1898, 
devote his attention private practice civil engineer and sur- 
veyor, with headquarters New Britain, Conn. 

Mr. Bishop was married November, 1873, and was elected 
Member this Socicty September 2d, 1885. 


Memoir prepared Sparks Bishop, Esq., from autobiographical data left 
his father. 
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FREDERICK HENRY SMITH, Am. Soe. E.* 


1898. 


Frederick Henry Smith was born Pittsburg, Pa., November 
10th, 1839, and there his early schooling was effected. age 
thirteen went with his uncle, Col. James Shaler, Lake Superior, 
where, boy, immediate contact with some the great mining 
industries, acquired his taste for geology and mineralogy. When 
but sixteen years age entered the engineering service the 
Louisville and Nashville Railroad, under the late George MacLeod, 
and continued this field until the breaking out the Civil 
War, when became military engineer the service the Con- 
federate States. 

Here, besides serving strictly military duty, was detailed 
the Niter and Mining Bureau, where devoted his energy the 
production saltpeter and other material required for munitions 
war. The caves Alabama, Georgia and Tennessee were ransacked, 
under his guidance, for niter supply the powder-mills. was 
also engaged during the war rehabilitating some the old and 
disused iron-smelting furnaces, and other metallurgical work. 

the close the war, Captain Smith turned his varied experience 
the practice civil engineering, and, establishing himself Balti- 
more, Md., became member The Baltimore Bridge Company. 
This connection was terminated 1873, Captain Smith continuing 
his practice Baltimore, and devoting much his time the de- 
sign and erection bridges. became Engineer Bridges 
the City Baltimore, and Consulting Engineer for the railroads 
the Seaboard Air Line. both these capacities executed some 
excellent examples, among others the handsome stone arched North 
Avenue Viaduct, the City Baltimore, which likely long re- 
main monument his professional ability. 

His interest geology and mineralogy led him employ such 
brief intervals leisure came him the preparation 
popular hand-book, entitled Pocket Geologist and Book Min- 
erals,” which published This was revised and republished 
1882 Rocks, Minerals and Stocks.” 1890, published the 
Pocket Geologist and and 1895, Hand- 
Book Valuable Minerals: What They Are; What They Look Like; 
Where Look for Them,” duodecimo 238 pages. These small 
volumes are full useful and practical information for the prospector 


and miner, and contain pocket form much valuable matter rela- 
tion rocks and minerals. 


Memoir prepared Mendes Cohen and Latrobe, Members, Am. Soc. 


| 


332 MEMOIR FREDERICK HENRY SMITH. 


During the last year his life, was the engineer member the 
State Board Health Maryland, where his general knowledge and 
experience made him efficient member, whose opinions were highly 
valued his colleagues. 

Mr. Smith’s health broke down completely several years before his 
death, but notwithstanding constant suffering, his fortitude, energy 
and patient good humor, sustained him the last. became 
Member the American Society Civil Engineers February 21st, 
1872, and although never took very active part the delibera- 
tions the Society, yet was always esteemed valued member. 
married December 27th, 1870, Miss Elizabeth Gairdner, 
Augusta, Ga., who, with two sons and one daughter, survives him. 


passed away quietly and peacefully, much regretted those who 
who knew him best. 
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SAMUEL KILLEBREW, Am. E.* 
1899. 


Samuel Killebrew, son George and Mary Killebrew, was 
born near Oak Grove, Christian County, 14th, 1840. From 
early childhood manifested taste for mathematics, which his 
parents encouraged and cultivated, placing him under the care the 
best teachers the vicinity their home and giving him thorough 
preparation for college. entered college Russellville, Ky., 
January, 1856, and remained two years, leaving, assume his first 
work the line his chosen profession. 

began his career engineering rodman under Col. George 
Fleece, Chief Engineer the Memphis, Clarksville and Louis- 
ville Railroad 1859. Mr. John Tapscott, who was charge 
the division which was employed, says him: 

was country boy rough exterior and looked could 
manage plow team split rail better than could manipulate 
transit level. less than two weeks found country boy was 


far from being bumpkin, but was close, observing, accurate and 
valuable 


continued the work until the Civil War began, when left 
the railroad serve the Confederate Government. 1870 1878 
was employed various capacities the location and construc- 
tion the Brownsville and Ohio Railroad Tennessee, his continued 
advancement from rodman preliminary survey responsible charge 
construction bearing evidence his energy and ability. 

1881 was appointed Assistant Engineer the Galveston, 
Harrisburg and San Antonio Railway, then being built from San An- 
tonio, Texas, westward connection with the Southern Pacific, and 
was assigned duty instrument man locating party. was 
this work that the writer first met him, and here began friendship 
which only terminated with his death. often the case when 
new man joins party that has been the field for some time, Mr. 
Killebrew was not welcomed much cordiality some the 
members the party. one occasion, the engineer charge being 
reconnoissance and Mr. Killebrew being charge, there was 
open revolt against his orders. The manner which handled 
this trouble showed firmness that would not permit trifling, but 
withal kindly spirit forgiveness that won for him the good will 
and respect all the party. Not long after this was 
the most popular man the party and was never troubled again. 

this time was found very difficult get location over 
certain summit, with the adopted gradient, and while the party was 
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this work, Major Killebrew was detached from the regular corps 
assist reconnoissance. With corps only two men, and with 
only surveyor’s compass and chain worked out line that was 
located and built upon. This was the opportunity that demonstrated 
his ability, and Major Converse, the Chief Engineer, gave him charge 
party another location. During the year that followed 
located line Fredericksburg, Texas, miles, and from 
Grange Bastrop, Texas, miles. Though the company for which 
these lines were located did not build them, yet other corporations 
have since constructed the roads. Notwithstanding they had the 
best engineering talent, their constructed line does not vary appreci- 
ably from Mr. Killebrew’s stakes. 

1882, when Mr. Huntington and his associates decided 
build into Mexico, Major Converse was asked man 
locate the line. sent Mr. Killebrew New York, and Mr. 
Huntington, with his good judgment human nature, once em- 
ployed him. This may called Mr. Killebrew’s life work and his 
monument. Beginning Piedras Negras, Mexico, the middle 
hot summer locate line through foreign country, the inhabit- 
ants which were not generally friendly ‘‘Gringo” intrusion, the 
language, customs and laws being entirely new, and the water, food and 
forage supplies being meager, was beset from the first with diffi- 
culties that were extremely trying.. With precedents guide him 
and with imperfect and unsatisfactory maps indicate his course, 
started his work with the same confidence and cheerfulness had 
displayed former undertakings. Mounting his mustang pony, his 
little compass and hand level his saddle bags, bade farewell 
and started for the mountains. When, ten days, returned the 
general line the Mexican International Railroad, over the first 
mountain pass, to-day operated, was determined. 

This line, constructed, has several mountain summits over- 
come and stream crossings make, the detail location which in- 
volved some prompt decisions general points, well nice 
adjustments details. addition this, the location was made 
through country where adequate food and water supply was want- 
ing. There were frequent depredations roving bands Indians 
natives disguised Indians, who were worse than the originals. 
The question properly maintaining party was often trying 
the work itself. During all this time Mr. Killebrew never once lost 
his control the situation, but anticipated and provided for prob- 
able emergencies, spending much his own time long distances 
ahead, looking out the way, and between the preliminary corps and 
the locating party, which were generally miles apart. His 
presence around the camp fire encouraged the men, and his wonder- 
ful grasp and memory topography rendered easy the work his 
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assistant engineers. never permitted party leave district 
between two controlling points until both the assistant engineer 
charge and himself were satisfied that the line detail was where 
should and considerable improvement was possible. 

one occasion, the owners the property and their consulting 
engineer were anxious build the road possible certain 
town. Mr. Killebrew abandoned all work ahead and ordered both his 
corps the work modifying the line, assigning one party each 
side the river and directing both person. When the final deter- 
mination was made, was after every available route had been tried. 
The line, however, was not satisfactory, and the construction ad- 
vanced, other engineers were detailed get one nearer in. Major 
Killebrew heard this, but instead being hurt, said: ‘‘I hope 
they will get what wanted, but afraid they will 
was built the Killebrew line. 

remained with this company until all its projects had been 
explored and much the line built. 1889 was employed the 
Mexican Pacific Railway very difficult location the Atlantic 
side the mountains, Southern Mexico. This location led the 
head navigation the Grijalva River, San Juan Bautista. 
portion extended through mountain range entirely unknown. and 
the was approached, the route lay through swamps and dense 
tropical jungle, which life was made burden the swarms 
stinging insects and the dangers bites from venemous reptiles. His 
principal assistant, Arthur Wheatley, Assoc. Am. E., 
writing this work says: ‘‘He was always cheerful and encourag- 
ing spite the dangers, difficulties and sickness which surrounded 
the completion this work returned his home 
Brownsville, Tenn. 

When the Mexican International decided further extensions, Mr. 
Killebrew was again sent for and placed charge the surveys. 
made some extensive reconnoissances and surveys, including lines 
from Durango Guadalajara, Durango Guanacevi, Durango Ma- 
zatlan, and many others; his work for this company embracing, prob- 
ably, between and 000 kilometers final location, much 
which was built. engaged surveying line from Durango 
the Pacific Ocean when the final sickness came him, and died 
Durango, Mexico, January 9th, 1899. 

chronological statement his work does not constitute proper 
memoir Samuel Killebrew, for was extraordinary man many 
respects. was very simple his tastes and very approachable. 
was genial manner and would out his way show atten- 
tion the people living along the line his surveys. His judgment 
topography was natural gift, but one that always cultivated. 
could ride through new country and estimate with wonderful 
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degree accuracy the differences level and distance between the 
controlling points. later years, his health was broken, but his 
energy prior this was ceaseless. never let anything divert him 
from his work, and instilled those around him such interest 
the work hand that was topic general conversation around 
the camp fire night. this way, the work was made pleasant 
possible those who had bear the burdens. was painstaking 
with his men, never losing interest showing them how solve the 
problems that came daily such work, and many engineer will, 
with the writer, always feel grateful for his kindly interest and assist- 
ance those days early trials and hardships. was liberal with 
his men, and even early days, when working small salary, 
would share his earnings with those need cheerfully when later 
could better afford so. 

was loyal and faithful the interests his employers, and had 
the work been his own, could not have given more attention. 
never outgrew his boyhood’s reverence and affection for his 
parents, and often trips would speak with the greatest affection 
his mother and tell anecdotes his early training. His wife accom- 
panied him the survey whenever was practicable for her so, 
and was with him when died. 

His work monument his professional skill, and has left 
the hearts those who were with him tender memories his many 
acts kindness which they will never forget. 

Mr. Killebrew was elected Member the American Society 
Civil Engineers, September 2d, 1885. 
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MINUTES MEETINGS. 


THE SOCIETY. 


June 7th, 1899.—The meeting was called order 20.35 o’clock, 
Vice-President Edward North the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

The minutes the meetings May and 17th, 1899, were approved 
printed Proceedings for May, 1899. 

Theory was presented the Secretary. who also read 
communication the subject from Past-President Harrod. The 
subject was discussed Messrs. Herman Conrow, Allen Hazen, 


Henry. 
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Ballots were canvassed and the following candidates declared 
elected: 
MEMBERS. 


WEED Brown, New Orleans, La. 
Henry Brown, Boston, Mass. 
Lewis Minneapolis, Minn. 
New York City. 
Henry Canton, Ohio. 
Dana Myers, Jr., Richmond, Va. 
Clinton, Mass. 


MEMBERS. 


Grand Rapids, Mich. 
Henry Forp, St. Albans, Vt. 
FREDERICK GREENE, New York City. 
Homan, Kroonstad, South Africa. 
New York City. 
New York City. 
Henry VANDERLIP, Chicago, 
CHRISTIAN Philadelphia, Pa. 


Announcement was made that the following candidates were elected 
the Board Direction, June 6th, 1899: 


ASSOCIATE. 


JAMES New York City. 


JUNIORS. 


New York City. 
ALEXANDER GIvEN, Tutwiler, Miss. 
Isaac New York City. 

How, New York City. 
Horton Keays, Havana, Cuba. 
Dana New York City. 


The Secretary announced the death elected 
Member June 2d, 1886; died May 19th, 1899. 


Adjourned. 
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THIRTY-FIRST ANNUAL CONVENTION, HELD CAPE MAY, 
JUNE 27th, 28th, 29th AND 1899. 


First Session, Tuesday, June 27th, 1899.—The Society was called 
order o’clock; President Desmond FitzGerald the chair; 
Charles Warren Hunt, Secretary. 

President FitzGerald delivered the annual address. 

The President introduced Elmer Corthell, Am. Soc. E., 
who addressed the Society the subject the International Naviga- 
tion Congress 1898.* 

The President announced that meeting the Board Direction 
would held the close the present session. 

the President’s request the Secretary made few remarks 
regard the Society’s 

The Secretary made supplementary announcements the 
Convention programme, and the special trip Atlantic City, 


Adjourned. 


Second Session, Tuesday, June 27th, 1899.—The meeting was 
called order o’clock; President FitzGerald the chair; 
Charles Warren Hunt, Secretary. 

The President announced the appointment the following 
men temporary chairmen their several geographical districts for 


the purpose the selection members the Nominating Com- 
mittee: 


District No. 1.—J. James 

5.—ALFRED 
7.—D. 


The Secretary made announcement the Convention pro- 
gramme. 


Discussion the following subjects was called for the Presi- 
dent: 


the use the method Wheel-Concentrations Discon- 
tinued Determining the Stresses Railroad Bridges?” 


view present knowledge the Effect Repeated Applications 
Load, should Fatigue Formulas used Bridge Design?” 


For Mr. Corthell’s remarks, see page 147. 
For this statement Mr. Hunt, see page 153. 


7 

a 

: 

: 

| 

| 
3 F 


126 THIRTY-FIRST ANNUAL CONVENTION. [Society 


The Secretary read written communication from Snow, 
Am. E., and the discussion was continued the following: 


Adjourned. 


Third Session.—At the close the Business Meeting, Wednes- 
day, June 28th, 1899.—President FitzGerald the chair; Charles 
Warren Hunt, Secretary. 

Discussion the following subjects was taken up: 

(a) Stream Contamination the Sewage Cities abso- 
lutely prohibited law?” 


the Purification the Sewage Cities compulsory; 
and this feasible for Large Cities?” 


Filtration the coming solution the Pure-Water Question 
for Cities?” 
The following gentlemen presented their views: 


Esq. 


Discussions writing from James Am. Soc. E., 
E.; and Jun. Am. Soc. E., were announced 
title. 


Adjourned. 


Fourth Session, Friday, June 1899.—President FitzGerald 
the chair; Charles Warren Hunt, Secretary. 

The Secretary read telegram from Percival Roberts, Jr., President 
the Pencoyd Iron Company, giving notice special trains for those 
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wishing visit Pencoyd Saturday; also, letter from the Vulcanite 
Cement Company, inviting the members visit its works Vulcanite, 
J., July 3d. 


The President called for discussion the following subject: 


What are the economic conditions under which Electricity may 
profitably substituted for Steam the operation Branch Railroad 


Lines, and what are the engineering requirements considered 
such 


The following gentlemen presented their views 


The following resolutions were passed: 


Resolved, That the thanks this Convention extended the 
officers the Pennsylvania Railroad, and the officers the Phila- 
delphia and Reading Railway for their great courtesy extending 
the members this Society, largely they have done, the facilities 
their lines attending the Convention. 

Resolved, That the thanks this Convention extended the 
Local Committee for the most excellent arrangements made them 


for the entertainment the members and guests attending the Con- 
vention. 


Adjourned. 
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BUSINESS MEETING.* 


the second session the Convention, June 27th, o’clock, 
the President announced the appointment the following members 
chairmen the seven geographical districts into which the Society 
divided for the purposes the Nominating Committee (Art. VII, Sec. 
the Constitution): 

District No. James Croes; District No. Edward Howe; 
District No. William Hill; District No. Charles Darrach; 
District No. Alfred Noble; District No. Hunter McDonald; Dis- 
trict No. Cunningham. 


Wednesday, June 28th, 1899.—The meeting was called order 
10.30 o’clock. President Desmond FitzGerald the chair, Charles 
Warren Hunt, Secretary. 

Nominations were received for members the Nominating Com- 
mittee from each the seven geographical districts, and the following 
were elected members the Committee for two years: 


District No. TROTTER, 


The Secretary presented summary the answers received rela- 
tive the time and place holding the next Annual 
and, after discussion, motion duly seconded, the matter was referred 
the Board Direction. 

The following resolution, offered Samuel Whinery, Am. Soc. 
E., was adopted. 

Resolved: That the Board Direction requested consider 
the advisability urging upon the Superintendent the Twelfth 
Census the importance collecting and publishing with the next 
census, complete statistics municipal works; and that the Board 
Direction authorized, found desirable, co-operate with the 
Census Department formulating methods and preparing appropriate 
forms for the collection and publishing such statistics.” 

The Secretary read from Mr. Percival Roberts, President 
the Pencoyd Iron Works, inviting the members visit their works, 
Saturday, July Ist. 

The following resolution, moved Henry Seaman, Am. Soc. 
E., and amended Past-President Harrod, was adopted: 

the Board Direction requested consider the pro- 
priety providing for the payment the expenses the members 


For full report see 131. 


See 134. 


See 139. 
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the Nominating Committee attending the meeting that Com- 
mittee; and report with further suggestions regard methods 
for the nomination officers the Annual Meeting.” 

George Morison, Past-President, Am. Soc. E., moved that the 
matter the revision the Article the Constitution relating the 
nomination officers referred the Board Direction for con- 
sideration and report. 

The motion was seconded and adopted. 

O’Rourke, Am. Soc. E., asked whether any report had 
been received from the Committee Standard Time, and the Secre- 
tary stated that final report had been received from that Committee. 

Mr. O’Rourke moved that the Board Direction requested 
take the matter Standard Time and settle it. 

The motion was seconded and adopted vote 34. 


Adjourned. 
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THE BOARD DIRECTION. 


June 6th, 1899.—Vice-President North the chair; Charles Warren 
Hunt, Secretary, and present, also, Messrs. Bensel, Clarke, 
Morison, Owen, Ricketts, Thomson and Turner, 

Reports standing committees were received. 

progress report from the Committee the Paris Exposition 
1900 was received. 

The President was authorized appoint Committee 
the award prizes for the year ending with the month July, 1899. 

The Secretary reported regard the matters connected with the 
Convention. 

Applications were considered and other routine business transacted. 

One candidate for Associate and six for Junior were elected. 


Adjourned. 


June 27th, 1899.—The Board met, required the Constitution, 
(Article VIII, Section 7), the Stockton Hotel, Cape May, J., 
President FitzGerald the chair; Charles Warren Hunt, Secretary, 
and present, also, Messrs. Bensel, Buchholz, Clarke, Harrod, Hering, 
Moore, Morison, North, Owen, Ricketts and Turner. 

report progress was made the Committee appointed 
report the Paris Exposition 1900. 

The Secretary announced the appointment the President the 
following members Committee recommend the award prizes 
for the year ending July, 1899. 


The President was authorized appoint Committee report 
the Board recommending the time and place for holding the next 
Annual Convention not later than the October meeting. 

The President was requested appoint temporary chairmen the 
several districts for the purposes the Nominating Committee. 

Adjourned, subject the call the President. 
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REPORT FULL THE BUSINESS MEETING HELD DURING 
THE THIRTY-FIRST ANNUAL CONVENTION, CAPE 
MAY, JUNE 27th and 28th, 1899. 


the second session the Convention, June 27th, o’clock, the Appointment 


President announced that accordance with vote the Board 
Direction had appointed temporary chairman the seven geo- 
graphical districts into which the Society divided for the purposes 
the Nominating Committee; that was expected that each these 
Chairmen would call together the members from his district present 
the Convention, and report their choice for member the Nomi- 
nating Committee the Business Meeting held June 28th 
o’clock. The appointments were announced follows: 


Chairman, District No. 1—J. 


7—D. 


ovisional 


Wednesday, June 28th, 10.30 o’clock.—President FitzGerald 


the Chair, Chas. Warren Hunt, Secretary. 

The going call this meeting 
order, and want you unite with making success. The 
only way accomplish this stop talking and have little noise 
possible, and want you all move front where you can 
hear what going on. great effort for any voice heard 
this hall, and are have successful discussion this morning, 
and get through with the business, you must all unite that end. 


The first business that the Nominating Committee; the reports Election 


the temporary chairmen. call the Chairman District No. 


Members 
Nominating 


District No. have directed present the name Mr. Alfred 
Trotter member the Nominating Committee. 

The you hear the report the Com- 
What action you take 

Hurton, Am. Soc. E.—We have, Ithink, the privilege 
nominating another 

The 

Mr. offer nomination Mr, Martin. 

Past-President, Am. Soc. E.—I second the 
nomination. 

The the pleasure the Convention? The 
Committee has nominated Mr. Alfred Mr. Hutton has 
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Election nominated Mr. Martin. The Chair awaits the motion. 

discussion, the Chair will put the question first the report 

Committee. the Committee. Those favor the election Mr. Alfred 
Trotter will signify saying aye; those opposed, no. 
vote. 

District No. The Chairman Mr. Edward Howe. Mr. 
Howe not present. there any report from that district? 

Frank Am. Soc. E.—The Committee met last 
evening and appointed Mr. Francis, Boston. 

The moment, please, Mr. Whitney. There 
another suggestion that the Chair wishes offer, and that that 
every gentleman getting speak give his name that may 
taken the reporter. Mr. Whitney. 

Mr. members the second district met last 
evening and nominated Mr. Francis, Boston. 

The full name, please. 

Mr. Francis. 

The the pleasure the meeting? Those 
favor the election Mr. George Francis will signify saying 
aye; opposed, no. vote. 

District No. Mr. William Hill, Chairman. 

Am. Soc. E.—Mr. President, the members 
from District No. present the name Mr. McC. Leutzé. 

The you hear the report Committee 
No. presenting the name Mr. McC. Those favor 
the election this gentleman will signify saying aye; opposed, 

No. Mr. Darrach. 

Am. Soc. E.—Mr. President, the 
members met and nominated Mr. Wilkins, Pittsburg. 

The you hear the report Committee 
No. nominating Mr. Wilkins. What the pleasure the 
meeting Those favor Mr. Wilkins’ nomination will signify 
saying aye; opposed, no. 

District No. Mr. Noble. 

Am. Soc. E.—Mr. President, the members 
present from District No. nominate Mr. Augustus Mordecai. 

The you hear the report the Com- 
mittee from District No. favor nominating Mr. Augustus 
Mordecai. Those favor his election will signify saying aye; 
opposed, no. vote. 

Mr. Hunter McDonald, Chairman the Committee District 
No. 

Am. Soc. members from District 
No. nominate Mr. Ockerson, St. Louis. 
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The you hear the report District No. 
nominating Mr. Ockerson, St. Louis. Those favor the 
election will signify saying aye; opposed, no. vote. 

District No. Mr. Cunningham. 

Am. Soc. E.—I had not been with any 
committee, and not know that any other member from District 
No. present. 

The you the only member? 

Mr. the only one from California. not 
know whether there any from any other part this district. 

The not believe the Convention will let you off, 
Mr. Cunningham. 

Mr. you did not mean me. There 
another Mr. Cunningham. 

The meant you. You were nominated, you accepted 
the position and your name was posted. 

Mr. didn’t know it. 

nominate the other man and that will let you off. 
(Laughter. 

The favor the nomination the 

Mr. nominate Mr. Hiram Savage, National City. 

Mr. think there are members here from Texas 
which the same district. 

The are. The report the Committee, how- 
ever, Mr. Morison, has been made and now before the meeting. 
Those favor accepting the report this Committee nominating 
Mr. Hiram Savage will signify saying aye. hardly necessary 
put the noes. vote. Well, those opposed, no. 

There were negative votes. 

happy report that that part 
the business settled. 

Mr. you refer Mr. Savage, Mexico City, 
and believe the gentleman referred to, wish correct his 
initials. 

The Presipent.—It impossible correct now. there are 
two Mr. Savages, the other Mr. Savage elected. Mr. Cunningham, 
will you see you made the correct report from your Committee? 
(Laughter. 

Mr. refer Mr. Hiram Savage, National City. 
have forgotten his middle initial. 

The ancient history now. The next business, 
Mr. Secretary, the time and place for holding the Convention, which 
always bone contention this Society, will now taken up. 

The Secretary has received the following votes: 


Time and 
Place next 
Convention. 
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VOTES RECEIVED REGARD TIME AND PLACE 
HOLDING THE ANNUAL CONVENTION 1900. 


number votes received, 204. 


Distributed follows: 
Paris, France 
Washington, 
Boston, 
Cleveland, Ohio....... 


White Sulphur Springs, 
New York City. ....... 
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Richmond, Va........ 
Saratoga, Y........ 
Yellowstone Park, Wyo. 
Cincinnati, Ohio....... 
Old Point Comfort, Va. 
Salt Lake City, Utah.. 


votes for each the following locations: 


Detroit, Mich. 
Chattanooga, Tenn. 

Lake Champlain, 
San Francisco, Cal. 
Montreal, Que. 

Niagara Falls, 
Steamer Duluth, Minn. 


Denver, Colo. 
Nashville, Tenn. 

St. Augustine, Fla. 
St. Paul, Minn. 
Alexandria Bay, 
Louisville, Ky. 


And one for each the following locations: 


Seattle, Wash. 
Rochester, 
Milwaukee, Wis. 
Asheville, 
Topeka, Wash. 

New Orleans, La. 
Albany, 
Toronto, Ont. 
Manitou, Colo. 

Mt. Desert, Me. 
Baltimore, Md. 
Scranton, Pa. 

White Mts., 
Ithaca, 

Hotel Kaaterskill, 
Lake Mohawk, 
Saranac Lake, 


Cape May, 
Omaha, 

Lake George, 
Hotel Wentworth, 
Los Angeles, Cal. 
Adirondacks, 
Houghton, Mich. 
Texas. 

Kansas City, Mo. 
Chautauqua, 
Mackinac Island, Mich. 
Mexico. 


Great Lakes. 


Providence, 
Cresson, Pa. 
West Point, 
Portland, Ore. 


South. Havana, Cuba. 
London, Eng. Porto Rico. 

the time for holding the Convention the follows: 


the above-mentioned votes were for the first part and 
last part the month mentioned, and few them mentioned two 
Respectfully submitted. 


consecutive months. 
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Stanton, Am. Soc. E.—I think there was one point 


omitted there one vote for the Philippine Islands? 
The was probably lost the mails. Convention. 


The you hear the report from the Secre- 
tary. Whatis your pleasure? The Chair awaits motion. 

Mr. move that the Convention held Porto Rico. 

Am. Soc. E.—I second the motion. 

Mr. offer amendment. would substitute Dawson 
City for Porto Rico. 

Professor Fuertes rose speak. 

The gentleman did not give (Laugh- 
ter.) 

Am. Soc. E.—I cannot give the name, but 
will spell it: 

The what your motion, Mr. Fuertes 

Professor second the motion, sir. 

Mr. believe that Professor Fuertes the only native 
Porto Rico present the Convention. 

The Presment.—Gentlemen, you hear the motion Mr. Croes, 
seconded Mr. Fuertes, that the next Convention held Porto 
Rico. Mr. Morison has the floor. 

Mr. simply move substitute Dawson City for Porto 
Rico. 

move amend the motion referring the matter the Board 
Direction. 
The amendment toan amendment. you 


hear the motion, gentlemen 

Morison’s amendment was not seconded. 

The Chair will put the amendment the motion 
proposed Mr. Seaman, motion refer. Those favor 
referring this the Board Direction will signify saying 
aye opposed, no. 

The motion was carried. 

The settles the place the Convention. Are 
there any announcements made, Mr. Secretary? 

The might repeat the announcement the train 
Thursday for Atlantic City. There may have been somebody who 
did not hear it. The train leaves here over the Pennsylvania Road 
from the Pennsylvania Depot 8.30 o’clock sharp. 

Mr. the morning? 

The o’clock, sir, always the morning, accord- 
ing the nomenclature adopted the Society. (Laughter and ap- 
plause.) willtake about two hours run over Atlantic City and 
the train will probably return, leaving Atlantic City, about half-past 
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twenty—(laughter). Oh, no, no—(Langhter and applause)—half-past 


sixteen, and get here half-past eighteen quarter nineteen. 
(Laughter. 

Am. Soc. E.—Is half-past twenty ten 
o’clock? 

The address the Chair and give name. 

The there any business now before the meeting be- 
fore take the regular discussion? The Chair awaits any motion. 

which presume appropriate now. this: 

Resolved: That the Board Direction requested consider the 
advisability urging upon the Superintendent the Twelfth Census 
the importance collecting and publishing with the next census, 
complete statistics municipal works; and that the Board Direc- 
tion authorized, found desirable, co-operate with the Census 
Department formulating methods and preparing appropriate forms 
for the collection and publishing such statistics.” 

The you please pass that here? 

Mr. President, wish second that motion, 

The Presipent.—Gentlemen, you hear the motion Mr. Whinery, 
seconded Mr. North. The Chair will read the resolution. (The 
President read the resolution.) What your pleasure regard 
this resolution? 

Mr. President, quite generally known, some 
effort has been made the past two censuses the United States 
collect, collate and publish information about municipal and other 
public works. very large extent this has failure. under- 
stand that the last census very large amount information was 
collected, but was found such fragmentary shape and in- 
complete that very little was published. know class 
information that more interesting and valuable the public, and 
certainly there none that would more value our profession 
than complete statistics and information the extent and cost the 
municipal works American cities. Practically everything that has 
been done collecting such information this country has been 
private effort. Some our engineering publications have collected 
and published information one more branches municipal work 
which has been valuable and useful. 

The Census Department collecting information, the most minute 
information, very many other subjects far less importance the 
public, and certainly far less importance the profession the 
civil engineer than these statistics about public works. instance, 
any are far more interested knowing the character, the extent 
and the cost the sewerage systems American cities than are 
knowing the number sheep contained any one State. useless 
enlarge this point. 
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very much fear that unless some effort made, the result the 
coming census may has been heretofore; that is, that there will 
failure collect the necessary information and publish the 
results, and seems very proper thing that this Society should 
take some action the matter and should urge upon the Superinten- 
dent the Census the importance collecting complete and sys- 
tematic way all this class statistics, and collating, tabulating and 
publishing them proper form. (Applause.) 

Am. Soc. E.—Mr. Chairman, think all the 
members will agree that very desirable that statistics this kind 
should gathered. Whether the Census Department the proper 
machine which that is, think, much more than doubtful. 
think those who have examined our census reports, the last ones, 
and giving the opinions others than myself, the opinions 
experts, have found that has been loaded down with too many sub- 
jects; that the Census Department has undertaken great deal more 
than possible for accomplish successfully, and that this par- 
ticularly true with lines inquiry which call for special knowledge. 
You turn the ordinary census enumerator loose gathering the stat- 
istics municipal works, and certain make botch it. 
And this confirmed the experience the Department Labor, 
which the effect that the only successful way gathering statis- 
tics the technical sort particularly, send skilled men who 
the places which they are examine and spend time enough, 
personal inquiry and interrogating the proper persons, gather 
the statistics. Ithink you employ machinery which organized 
very well perhaps for gathering the numerical statistics population 
upon problem entirely different and largely technical 
nature that you are certain fail, and that should done some 
other and better way, should referred some department, like the 
Department Labor, which has machinery for gathering statistics 
this special kind. that, the motion stands, think should 
obliged vote against it. 

Mr. Chairman, would like ask Mr. Whinery 
whether not true that statistics that description are collected 
experts the special branches. 

The Whinery will answer the question. 

Mr. President, presume they are, considerable 
extent, but those statistics are not accessible the public the 
profession large many instances. 

Mr. that likely that the Census authorities 
would able collect good information that subject any- 
body else, and then get the advantage their machinery publica- 
tion and circulation. 

Mr. Mr. President, may add right here 
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Collection 


Munici 
Statistics 
(continued). 


cable collect this information that way. collected that way 
would unreliable and incomplete, but think moment’s con- 
sideration will show that not necessary resort such means 
for collecting this information. not matter going around 
asking this man how old how many sheep has 
thing. Itis the sending some competent person these cities, 
and not see why competent men should not employed that 
way. There are plenty competent men who could secured for 
that service. matter sending these different cities man 
collect the information which generally record these cities, 
that the method collection would entirely different from that 
ordinarily employed collecting information for the Census. that 
think that the objection which has been made probably lacks force. 

The wish give notice that eleven o’clock, the 
Chair will call for another subject. You have five minutes. 

Mr. President, hope that this resolution will pass 
the form which was offered Mr. Whinery. resolution, 
understand it, requesting the Board Direction take this 
matter into consideration. There now, has been confessed 
the other members present, body branch the Government 
which authorized collect this information. The Census Bureau 
appears present body which will most qualified collect 
it. the business the Board Direction inquire into that 
question and see whether the Labor Department the Census 
Bureau would the most fitted for the purpose. Nobody can ques- 
tion the necessity and desirability having such collection infor- 
mation made. Anybody who has been trying, have been, for 
twenty years past collect statistics regard municipal works 
knows the utter impossibility getting any reliable data from the 
country large, and this would means collecting; and 
want the Board Direction inquire into the possibility and the 
feasibility and the best method collecting the desired information. 
This definite motion referring the Board Direction the ques- 
tion, which the best source obtaining that information, and 
puts the matter the hands few men who can consider and 
who will report the Society, and they find that the Census Bureau 
the best, they need not report the Society, and can and 
request the Superintendent the Census collect this necessary 
information rational manner, which has never been done any 
department the Government any State Department, any muni- 
cipality any Society all. The only attempt that has been made 
formulate the subject believe has been the new Water-Works 
Association which has gotten series questions and form 
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publication statistics water-works New England. Those ques- 
tions need revising, and that information needs revising very much 
indeed, order make what now desired. hope that the 
motion will pass. 

Mr. the Chair read the question once more? 

The notice this, Mr. Whinery, that you 
have not asked the Board Direction report anything but 
consider. possible word left out here: Resolved, that the 
Board Direction requested consider the advisability urging 
upon the Superintendent the Twelfth Census the importance,” etc. 
Whether you mean consider the 

Mr. the clause, please, Mr. President. 

The found desirable co-operate with the 
Census see; that is, you give the Board 
Direction authority. 

Mr. Yes. 

Mr. very comprehensive resolution. 

The co-operate with the Census Department 
methods and preparing appropriate forms for the collec- 
tion and publishing such statistics.” 

Mr. see that does not contemplate, however, calling 
any other department than the Census Department, even the 
Board should think best so. 

The question was called for several members. 

The question will now put. Those favor 


that resolution will signify saying aye; those opposed, no. 
unicipal 
The resolution was adopted. Statistics. 
The Secretary will read letter. 
The have letter from Mr. Percival Roberts, Pres- 
the Pencoyd Iron Works, addressed the Secretary and 
written June 26th, 1899, follows: 
PHILADELPHIA, June 26th, 1899. 
Secretary, American Society Civil Engineers, 
Care Stockton Hotel, Cape May, the 


has been suggested that possibly some the Iron 
members the Society may desire, while this vicinity, visit our 
works Pencoyd. such the case should extremely happy 
see any them their convenience, and will make the necessary 
arrangements for examination the plant. 

should agreeable any considerable number fix upon 
Saturday next the time, should very glad arrange, probably 
with the Reading Railroad Company—if sufficient number signify 
their willingness present—to have special train run direct] 
from the Terminal Station Pencoyd and return, are advised, 
say, probably not later than Thursday next. 

have requested Mr. Schneider confer with you the matter 
and make any necessary arrangements concerning the same.” 
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Now, whatever arrangements are made for such visit Mr. 
Roberts outlines, will depend the number people who wish go. 
any one who desires visit the Pencoyd Iron Works will report 
that fact the office the Secretary the other end the hall, the 
Secretary will report Mr. Schneider, who assures that they will 
very well taken care of. 

The any gentleman any business importance 
bring before the business meeting brought end? 

Mr. President, new business order there 
one subject which would like mention and possibly hear opinions 
from individuals, and they see fit, motion can made referring 
the matter the Board Direction with the request with power 
act. the question the expenses the Nominating Committee 
attending the meeting August for the nominations. was 
member District No. and live New York City, that ex- 
penses were only nominal; but when people come from California 
St. Louis and have pay their own expenses, does not seem 
quite fair; and unless the Society makes some provision bear the 
expenses which are incurred its service, think the result will 
that shall not have representative attendance these meetings. 
would suggest that motion made, meets the ap- 
proval the meeting, that the matter referred the Board 
Direction with the request that the necessary expenses incurred 
attending these meetings borne the Society. 

The you make motion, Mr. Seaman, that 
effect? 

Mr. will make motion that effect. Perhaps that 
will draw out the opinion the members present. (Seconded.) 

The Presment.—Will you please put writing, Mr. Seaman, 
and will put now. 

Nominating Committee, having felt the importance this, second 
Mr. Seaman’s motion. 

The hear the motion, gentlemen. Those 
favor— 

cussion this motion now? 

The time for discussion. 

Mr. have say will very brief. Why should 
not this apply the members the Board Direction also? Where 
are going stop begin with this? think this matter ought 
pretty carefully considered. the expenses the members 
the Nominating Committee, from California, for instance, are 
paid the Society, why not pay the expenses member the 
Board Direction from California New Orleans, and pay once 
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would cost somewhere between one and twenty 
thousand year, think this question ought pretty 
considered. man accepts such office, think 
ought willing stand some this expense. cannot tell 
where stop this matter. 

Mr. motion, presented Mr. Seaman, consists 
two parts. The first that the question referred the Board 
Direction. The second that the Board recommended bear 
these expenses. favor the first part the motion, but 
move amend striking out the latter part. 

The Mr. Seaman got his motion writing yet? 

Mr. think the stenographer has it. 

The stenographer will read the motion. 

The stenographer read Mr. Seaman’s motion follows: 


therefore would suggest that motion made, meets the 
approval the meeting, that the matter referred the Board 
Direction with the request that the necessary expenses incurred 
attending these meetings borne the Society. 
make motion that 


The the motion the form that you intended it, 
Mr. Seaman? 

Mr. that right. donot wish more than 
share the talking this.subject, but the Society paying the 
expenses the members the Board Direction coming their 
meetings would suggest that the votes the Board Direction are 
often received mail, and that votes sent mail are ruled out 
meetings the Nominating Committee; that man must attend the 
meeting the Nominating Committee have vote. Furthermore, 
people not accept positions the Nominating Committee. They 
are nominated whether they attend here not, and the vote the 
meeting their appointment taken whether they attend here 
not, and they are afterward notified. 

Mr. President, would like suggest that Mr. 
Seaman divide his motion into two parts; the first being stated, 
that the Board Direction requested consider the propriety 
paying the expenses the members the Nominating Committee, 
and the other being that the meeting recommends the adoption 
resolution the Board that effect that the Board 
Direction favorably consider this proposition. That would bring 
out the sense this meeting. would refer the matter the Board 
Direction and bring before the Board such way that they 
cannot avoid entertaining the question, and then will simply 
question the opinion this meeting with reference the propriety 
it. Will Mr. Seaman divide his motion that way? the first 
place that the Board Direction requested consider the 
propriety paying the expenses the members the Nominating 
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Discussion Committee attending the meeting which the nominations are 


Expenses 
Nominating 
Committee 
(continued). 


made. That would the first proposition. 

any provision the Constitution By-Laws this Society whereby 
member the Nominating Committee unable attend can decline 
and some one have the right replace him? seems that 
very necessary feature this. constantly elect people that 
committee who are not present. there provision whereby 
gentleman who elected and cannot attend cannot secure represen- 
tation for his district, then seems that the Society can fairly 
and reasonably make provision for expenses under such circum- 
stances. 

Mr. question the Constitution take it. 

The think the Secretary may have suggestion 
make about that. there provision that quorum 

The think the idea making the Nominating 
Committee fourteen with the last five living Past Presidents the 
Society (nineteen all) was for the purpose securing representa- 
tive meeting the Nominating Committee. There are two members 
from each the seven geographical districts, one holding over from 
last year, and then one from each these districts elected this year. 
That the only provision know that would cover the matter. 

Past-President, Am. Soc. E.—My experi- 
ence with the Nominating Committee limited one year, and 
not sure that familiar with its methods proceeding, but seems 
that part this difficulty, not all it, could met giving 
correspondents the right ballot, and prolonging the proceed- 
ings nominating long enough transmit the members the 
committee the proceedings the first meeting, allowing them write 
back and give their views, and give those views the weight 
ballot, and think that goes before the Board Direction they 
could outline some new method for the proceedings the committee 
that would meet the case point; simply have meeting those 
who can attend first, let the that meeting trans- 
mitted all the members, let the other members who are not present 
join correspondence and give that correspondence the weight 
ballot. 

vote letter ballot other words? 

Mr. Harrop.—By letter ballot. 

Mr. Another suggestion think of, and that would 
change the date the election this Committee the Annual 
Meeting January, allow the organization the committee take 
place between that time and the Annual Convention; then let the 
meeting held the Annual Convention, and nominations take place 
that time would ample time for discussion change before 
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January next year. That is, elect the committee one year before the 
election the officers instead the Annual Convention. 

Mr. President, have served member the 
Nominating Committee for two years longer than Major Harrod. 
think there are two points this connection which can 
briefly stated and which show that cannot for the present change 
the method proceeding. will say, preliminary matter this, 
that think our method nominating officers can very materially 
improved, but that cannot done without change the Consti- 
tution. think the true method nominating officers sending 
suggestions around which replies, the nature letter ballots, 
will received; but that cannot done under the present provisions. 
The Nominating Committee, now exists, committee abso- 
lutely independent the Board Direction, which makes its own 
rules and acts under them, and itself close body, reserving its own 
secrets, and entirely independent committee. When makes its 
nominations, those nominations are before the Society, and any other 
ten members can make another nomination which will appear the 
ticket precisely the same way the nomination made the Nomi- 
nating Committee. But the committee has meet and attend its 
work time through all the necessary routine prescribed the 
Constitution. The committee must first meet and makeits nominations, 
then must ascertain whether those nominations are accepted; after 
which reports accordance with the provisions the Constitution. 

The the first day October. 

Mr. the first day October. The time pretty 
short, but far the time has proved enough. All members 
the Nominating Committee are expected attend that meeting. They 
not all come, but any member the Nominating Committee who 
does not attend has the privilege sending any suggestions which 
sees fit. has been ruled that cannot give proxy, for there 
provision the Constitution authorizing the voting the 
members this committee proxy. The result that the first 
meeting the Nominating Committee, all communications are read 
and nominations are made. Then time remains report all these 
nominations the members the Committee who are not present and 
secure their acceptance. The members who are not present cannot 
vote. They can express their opinions, and they are informed the 
action the Committee. But that all that, under the present form 
the Constitution, they are capable doing. think, myself, that 
this one the points the Constitution which susceptible very 
great improvement, but that not question now before the meeting. 
regards the payment mileage, expenses, the members 
attending that meeting, the face it, far they are concerned, 
would very just thing do, but Society this kind cannot 


| 
: 
= 
| 
i 


144 REPORT FULL THE BUSINESS MEETING. 


Discussion Proceed entirely the basis justice. are organized for the 
benefit our profession, and must expect give our time, our 
Committee work and our money for the benefit the Society, and this one 
(continued). occasions when seems that much safer rely the 

patriotism, speak, the members, than draw the compara- 
tively limited funds the Society. 

Mr. would like ask, this committee entirely in- 
dependent the Board Direction, whether has not authority 
receive ballot proxy? there anything the Constitution that 
prohibits that? makes its own record. Itgovernsitself. not 
competent make such regulation that; and three months 
from the first July the first October, isn’t there time for that 
Committee correspond with its absent members and still get through 
the first October? 

Mr. Having served Secretary the Nominating Com- 
mittee one year think can give some light the question asked 
the last speaker. The time, Mr. Morison has said, exceedingly 
short. After this meeting the Secretary that Committee obliged 
send out notices nineteen members that Committee and get 
replies whether they will attend that meeting. has been 
voted the Nominating Committee, the meeting will held the 
third Wednesday August. After that meeting held, exper- 
ience is, that there barely time get replies those who are 
nominated for the different offices and get the report into the hands 
the Board Direction the first October. voting proxy, 
there one difficulty about that. absent member can send his 
vote for some one for one office who may elected another office; 
might desirous, his candidate for President was not nom- 
inated for President, that should nominated for Vice-President, 
and the discussions the meetings the Committee has always 
seemed wise the Committee that there should voting proxy, 
and the opinions the absent members, remember the last 
meeting there were several letters from persons who did not attend the 
meetings and their wishes, particularly regards the Directors, were 
complied with, and the Nominating Committee nominated persons 
whom the absent members suggested. 

Mr. heartily sympathy with the suggestion 
Mr. Harrod that this whole matter done correspondence, and 
think that modification the motion refer the Board Direc- 
tion would proper one. far the recollection Mr. Howe 
how last year’s Committee worked, that the suggestions were 
had two letters last year and neither case were candidates 
elected. 


Mr. answer Mr. Seaman—what meant say was 
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that the wishes the absent members, regards the Directors from 
their district, were complied with. 

Mr. Morison.—The matter want refer exceedingly brief, 
but shows the difficulty that The Nominating Com- 
mittee required report fixed date. The Nominating Com- 
mittee appointed the Convention, which held movable date. 
The Convention date may vary from Aprilto August. year was 
held late July. This year held June, and throws difficul- 
ties the way which must considered this connection. merely 
mention that show the kind difficulties under which now 
labor. 

Mr. —It seems that are wandering off into discus- 
sion the Constitution and not the question before this 
Convention. simply the motion Mr. Seaman that the Board 
Direction requested consider the propriety paying the expenses 
the members the Nominating Committee attending the meeting. 
That the motion take now. Isn’t that so, Mr. Seaman? 

The correct. 

Mr. the only motion there before the house and 
are wandering off into discussion the Constitution. 

Mr. Harrop.—I want amend Mr. Seaman’s resolution 
exactly Mr. Croes stated, ‘‘and that the Board Direction au- 
thorized further consider the matter and make further suggestion 
regard methods for the nomination officers.” 

The Mr. Seaman accept that amendment? 

Mr. do. 

Mr. suggest that would well for the Board 
Direction instructed report the Annual Meeting their plan? 

The Harrod, was your amendment consider 
the whole question consider the propriety report? 

Mr. consider the whole question. 

question now before the house this: Mr. 
Seaman moves that the Board Direction requested consider 
the propriety providing for the payment the expenses the 
members forming the Nominating Committee attending the meeting. 

Mr. what meeting? 

The the Nominating Committee. 

Mr. what date? 

The —No date mentioned,—and report their recom- 


Vote 
mendations the Annual Meeting. Those favor the motion 
please signify saying aye; opposed, no. Nominating 


Committee. 


The motion was carried. 

Mr. think, furtherance Mr. Harrod’s suggestion, 
that would well refer the Article the Board Direction, 
and would move that the matter the revision the Article the 
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Motion relating the nomination officers referred the 
The you hear the motion Mr. Morison 
that the Article the Constitution referring this matter the 
Nominating Committee referred the Board Direction for con- 
sideration and report. Those favor that motion will signify 
saying aye; opposed, no. 
The motion was carried. 
Committee Mr. the question sewage contamination 
taken up, would like ask whether any report has been received 
from the Committee Standard Time? 
The the Secretary please answer that question? 
The report has been received from the Committee 
Uniform Standard Time; the status the matter being that the 
last Annual Meeting the Society, resolution was passed request- 
ing that Committee make final report this Convention. The 

Committee was informed that action, but nothing further has been 

heard from it. 

Mr. Chairman, would then move that the Board 

Direction requested take that matter and settle that 
not have the same thing staring the face every meet- 
ing. 

The afraid this means hour and half debate. 
Gentlemen, that motion seconded? 

member seconded the motion. 

The moved and seconded that the Board Direc- 

tion requested take the matter Standard Time and settle 

Time. for all time. Those favor that motion will signify say- 
ing aye; opposed, no. 

The Chair was unable decide whether the ayes the noes 
prevailed, and the question was put second and third time with 
the same result. There were calls for division. 

The house will polled. Those favor 
that motion will rise and stand until counted. 

Seventy-one members rose. 

The opposed will rise and stand until counted. 

Thirty-four members rose. 

The Chair was deceived; there was lots noise 
that minority. (Laughter.) vote. 


Adjourned. 
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THE INTERNATIONAL NAVIGATION CONGRESS HELD 
BRUSSELS 


Mr. President, have not been able prepare complete report 
this subject, must give you only very desultory one, but hope 
secure your interest and your co-operation and assistance future 
congresses. 

Four years ago the Hotel Pemberton, Boston, presented the 
Annual Convention the Society written report the subject 
the literary product the International Engineering Congress 
Chicago. This year Iam give, not, say, written complete 
report, but very desultory report the International Navigation 
Congress held Brussels last year. 1898, some time March, 
think, was appointed delegate, duly commissioned Mr. Sherman, 
the Secretary State, with the remark, especially emphasized, that 
the department had money pay the expenses (laughter), but 
would like have attend and would also like have write 
report. Consequently return last fall began write report, 
but professional engagements and absence three months 
Mexico have prevented forwarding Secretary Hay anything 
more than very brief preliminary report. very promptly sent 
Congress. was printed, and copies are had. brought 
few with and have them here case any one would care 
have one. wish make report that would have more useful- 
ness than simply brief what happened Brussels. 
not good French scholar, and you can imagine the amount ardu- 
ous work that have done and still have the midst other 
business, make full and satisfactory—that is, satisfactory 
get into such shape that engineers will init, and that 
will useful our profession and the important navigation ip- 
terests the United States. was also appointed—not representa- 
tive—but was asked the Secretary this Society, the request 
the Society. account the war with Spain was the only repre- 
sentative the United States Government engineering societies 
this country. There were few gentlemen there from the United 
States individual members, adherents, the Congress. 

wish give you brief résumé this Congress order con- 
vey correct idea it, you may appreciate its importance 
engineering and commercial organization. first there were two 
kinds Congresses held. One wasa Maritime Congress and the other 
was Inland Navigation Congress. The Maritime Congress was held 
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first Paris 1889, and again London 1893. The Inland Navi- 
gation Congress was held first Brussels 1885, Vienna 1886, 
Frankfort 1889, Manchester 1890, Parisin 1892, and the 
Hague 1894. Hague was decided that the two Congresses 
should united under the name the International Congress 
Navigation, intending that title embrace all naviga- 
tion, from the head waters the rivers, the light houses out 
sea. was intended held Italy 1896, but account 
some complications which that country was that time was 
decided that would not best hold the Congress there, and 
went over 1898 Brussels. The scope this Congress in- 
tended and generally does now embrace the following subjects: 
Canals, canalized rivers, ship canals, river improvements, entrance 
channels, ports and harbors, their construction, maintenance and oper- 
ation, practical questions involving appliances, plant, methods 
navigation, etc. Papers are written upon these subjects, they are 
discussed, and the questions are decided upon the Congress itself. 
organizing Congress the method generally followed for the 
Government the country where the Congress held invite 
other Governments the world send their delegates. Invitations 
the Congress Brussels were sent out the Minister Foreign 
Affairs, corresponding our Secretary State. Invitations were 
extended all foreign governments, and the Organizing Committee 
invited societies, associations, etc., send delegates. 

There were 121 government delegates representing nations. 
Then there were delegates municipalities, engineering and other 
technical societies, chambers commerce, navigation associations and 
commercial and industrial organizations various kinds interested 
any way the subject navigation. these there were 410 dele- 
gates Twelve engineering societies were represented regularly 
constituted delegates. There were these delegates. Twenty cities 
were represented cities, with delegates. There were chambers 
commerce with delegates. There were navigation and com- 
mercial organizations with delegates. There were industrial and 
agricultural societies; manufacturers, like manufacturers dredging 
machines; the John Cockerill Works Seraing, and other similar 
works; steamship companies; ship canal companies; fact the whole 
range navigation was represented that Congress. There were 
private members addition these, numbering 840; that say, 
not delegates governments municipalities. The total member- 
ship was these 862 were from countries other than Belgium. 
There were all nationalities represented. The number civil 
engineers was about 600. 

Comparing this Congress with previous Congresses, there were the 
Hague 1894, 048 members with nationalities represented. 
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Paris, 1892, there were 042 members with nationalities repre- 
sented. Brussels, 1885, which was the earliest Congress, there 
were 407 members with countries represented. This last Congress 
Brussels was held under the high patronage His Majesty King 
Leopold, King the Belgians, who took really active interest 
it. There were four honorary presidents; one was Prince Albert and 
the others were the ministers three the departments that have 
with such matters. One these ministers, the Minister 
Agriculture and Public Works, presided many the meetings. 
You will see from this that the Government itself took active 
interest the proceedings. There was committee patronage 
very distinguished men -from all over Belgium. There were two 
general presidents, one whom was always present the meetings, 
and they were men who held important positions the Belgian 
Government. There were various committees which organized the 
Congress. the preparation this Congress there was com- 
mittee organization which arranged the subjects the papers 
and sent them out the fall and early winter 1897, inviting 
papers the subjects. There were regular papers sent in, 
pages all and 123 pages plates. There were also presented 
papers, which were either too late admitted were 
subjects not comprised the regular list questions. The regular 
papers were printed and sent the members the Congress time 
read before the meeting took place Brussels. The papers 
consequently were well known the members before they came 
Brussels. The report which spoke the beginning 
remarks, and which preparing, will contain about 200 printed 
pages with about 115 plates, which will bound with it, and hope 
this will published Congress, the preliminary report was, 
and distributed, that members this Society can have the use 
it. may add that between 600 and 700 members were present 
the meetings. was probably one the largest Congresses 
the way personal attendance that has ever been gotten 
any subject connected with engineering and navigation. The 
Belgian Government provided two very suitable buildings for the 
holding this Congress. you know, most the foreign 
governments have buildings that are suitable for such assemblies. 
Unfortunately not have Washington the seat our 
Government, buildings suited for the holding International Con- 
gresses, but you probably know that effort being made obtain 
the necessary legislation and appropriation for building what 
called the Temple Justice, Washington, which can used for 
the holding such Congresses that Brussels. Probably within 
few years will have such building, and then will par 
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with other governments which already have those buildings for such 
purposes, 

Now, will simply analyze briefly the subjects which the Congress 
Brussels had before it. There were five sections, divided into 
sub-sections. The five sections were: Canalized Rivers; 
2d, Inland Canals; 3d, Tidal Rivers and Ship Canals; 4th, Maritime 
Ports; 5th, Tolls, Dues, Port Charges, Warehouses, Transfer Sheds, 
Docks and all the paraphernalia ports. The engineers who wrote 
the papers were, many them, appointed their governments 
write them; the best men the countries were delegated write 
important and thorough papers these subjects, which were very 
fully, almost profusely, illustrated with plans docks, warehouses, 
transfer sheds, locks, movable dams, canal sections, dredges and 
everything relating facilities for navigation. This Congress was 
conducted holding two full meetings, one the beginning and one 
the end the Congress, where all the members assembled, and 
then, like the American Association for the Advancement Science, 
the Congress went into sectional meetings the five sections. These 
meetings were continued during the whole week, and the end 
the week the second general meeting the reports these sections 
were read the full Congress and vote taken the Congress upon 
the decisions which had previously been made each the sections. 
other words, business Congress. mind this feature 
important one. 

have Congresses the United States and they have them 
other countries which are intended simply for speeches and remarks 
and dissertations, and that the end it. The reports are filed away, 
and some are printed and distributed. But the object these naviga- 
tion Congresses get something useful, and consequently the 
entire trend discussion the sections every subject was with that 
purpose view; and after the discussion was carried through each 
subject, there was vote tuken that section upon the points that 
were raised motion reference the question submitted. That 
would the decision that section. Then afterward these sectional 
decisions were referred the full congress and there vote was taken 
upon them. that what get the result that Congress 
great utility, because shows the consensus opinion many 
important matters affecting navigation, construction, maintenance 
and operation. Ineed not into the subject excursions. That 
was splendidly attended the people Brussels. Special 
trains were furnished us, and 600 700 members, with some ladies 
visited Ostend, Bruges, Heyst, Antwerp and Seraing. King Leopold 
gave evening reception the Royal Palace, and everything was 
done not only give useful congress, but also great pleasure. 
Everything was conveniently arranged. Each morning found 
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our boxes—every man had his box—a résumé the previous day’s 
work print and with programme that day full detail. 
excursion was projected the programme would give the information 
when you were the train, and when you were arrive here 
there, and when you might return. was one the most complete 
organizations for comfort and for useful work that think ever under- 
took such service. 

While one object these remarks give you report the 
Brussels Congress, another object enlist your interest first the 
Congress that take place next year Paris, and then the Con- 
gress that take place 1902 later; 1902 long way ahead, 
but still there are matters that need done within the next two 
three months, six months least. Let mestate that Brussels 
Congress last year was decided form permanent organization 
the Congress. has hitherto been held desultory sort way. 
will die out the end each Congress resuscitated again 
haphazard sort way the next two three years. the 
future permanent organization like the International Associa- 
tion Tests like the Railway Congress, and rules, regulations 
and methods organize and conduct this permanent Congress are 
now under advisement the Bureau the Brussels Congress, consti- 
tuted for the purpose and report the Paris Congress. happen 
know about Iam that bureau; being one the vice-presi- 
dents that Congress, was placed upon it, and correspondence 
with the General Secretaries Paris and Brussels. organ- 
ized permanent way the Congress held Paris 1900. 

wish was expressed large number delegates the Brussels 
Congress hold the next Congress after Paris the United States. 
They asked would possible. replied, Yes, you will 
come will, because think the matter can arranged the United 
They asked personally see what could done about it. 
Well, have really done great deal, and want tell you briefly 
what have done. the first place knew was necessary consult 
the authorities Washington, and have had several consultations 
with Secretary Hay and Assistant Secretary Cridler regard it. 
not liberty give all the information about the matter, but 
may say under advisement them. the report make 
them October, when return from Europe this summer, 
give them the information which the matter can decided and 
sent through the proper channels Congress. will require legis- 
lation from Congress three points—first order authorize the 
President invite the Congress Paris next year, and thereafter the 
governments the world. Second, the departments, you know, 
have money spend anything that not legislated for Con- 
gress; consequently necessary have appropriation pay the 
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running expenses this Congress, the entertainment foreign dele- 
gates, anything else that might arise way expense. And third, 
designate the Government building which hold the Congress. 
way back recently from Mexico, saw the leading men the 
committees the Western Waterways Association, and the Lake 
Carriers’ Association, the Secretary the Chamber Commerce and 
other leading commercial men St. Louis, the Secretary the Board 
Trade Chicago. New York have seen the Secretary the 
National Steam Navigation Association. They are all favor hold- 
ing the Congress the United States, and will all assist. This matter 
comes Congress next winter the plan carried out which have 
mind, and will require this legislation then. These commercial 
bodies are ready assist, and you know their assistance very power- 
ful such matters. hope that the members this Society interested 
such subjects will, when the time comes, lend their assistance 
also. (Applause.) 
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STATEMENT VARIOUS MATTERS SOCIETY INTEREST, 
THE 31st ANNUAL CONVENTION, JUNE 27th, 1899. 


The information which the President asks present was con- 
tained letter which addressed him some time ago, and 


mixed with other matters, will, afraid, somewhat dis- 
jointed. 


Informal Discussions.—At several meetings the Society informal 
discussions subjects general engineering interest have been 
introduced, the object being stimulate discussion and thereby 
make the meetings themselves, and the subsequent publications, 
greater interest the members. Informal discussions this kind 
have been had Road-Building,” Building Laws” and Dry 
Docks—Stone versus Wood.” All these have been participated 
many members, and great interest has been manifested this kind 
discussion. With the exception that Building Laws,” the 
matter brought out these discussions has been published. The 
latter discussion was principally local interest, and was not thought 
the Publication Committee sufficient value the members 
large warrant its publication. 

this meeting this system informal topical discussion 
tried for the first time Convention. 

Exemption from Taxation.—Another matter interest is, that 
claim, under the law that the Society exempt from taxation, was 
made the Tax Commissioners the City New York some time 
ago and was them rejected. suit against the City New York 
was then instituted, and decision has been handed down which holds 
that the Society exempt, and declares the assessment made the 
Tax Commissioners void. This decision has been accepted the 
Corporation Counsel the City New York, and, consequently, the 


Society will future saved between 000 and 500 per 
(Applause. 


Herbert Steward Library Fund.—By the will the late Herbert 
Steward, Assoc. Am. Soc. E., was bequeathed for the 
purpose forming the Herbert Steward Library Fund,” the interest 
which used for the purchase books for the library. Mr. 


Steward also gave the Library such his technical books the 
Society desired. 


Use Auditorium.—The Auditorium the Society has been found 
very useful several special extra meetings during the year, and 


one occasion the New York Electrical Society held large meeting 
with great satisfaction its members. 
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Junior Meetings.—Meetings for the mutual improvement Juniors 
the Society have also been started. Three have been held far, 
and they have proved decided success. 


Changes Publications.—The changes the publications have 
already been stated the Proceedings, but some the members 
present may not have read all that printed there, might well 
speak briefly them. all discussions well papers 
will printed Proceedings order give opportunity for 
cross-discussion before the final publication the Transactions. 

very recently had been the custom print each number 
Proceedings list entitled Additions the Library and Museum.” 
The form which this was printed made practically value 
any one, and has been discontinued, least for the present. its 
place new list has been started, which has been received with much 
appreciation members, and which gives the name, places publica- 
tion, and, wherever possible, the price leading articles the various 
branches engineering, published during the month. Sixty odd 
periodicals are now reviewed this list. 

arrangement has been made with the various scientific pub- 
lishers, far can find the publishers, which copies engi- 
neering books are now donated the Library the Society imme- 
diately upon their issue, and each number Proceedings under the 
heading New Books the Month,” brief notices all such additions 
the Library are regularly printed. 


Library Work.—The work re-classifying and re-indexing the 
Library has gone continuously and some account this work may 
interest. The cards used are standard library cards, and they 
are all typewritten, having been found more rapid and the result 
more legible and uniform than they were written, usually done, 
hand. 

far classification goes, did not appear starting ours 
that any work the kind had been formulated which would 
service. The scheme adopted is, brief, divide the Library into 
general classes, such Railroads, Water-Ways, Water-Supply, 
Sanitation, etc., and subdivide each these into the most natural 
divisions from the engineering point view. instance, 
roads” divided into History, Location, Construction, Equipment, 
Operation, Legal Documents, Company Reports, State Reports and 
Government Reports. Water-ways” divided simply into Canals, 
Rivers, Harbors, Lakes, Oceans. Water-Supply” divided into 
General, Water, Water-Works, Water-Power and Irrigation. 
tation” into Sewerage, Drainage, Ventilating and Heating, House- 
Drainage, Sewage Disposal, Garbage Disposal, Health and Disease, 
etc. Each these general divisions the Library has its own 
separate classified index. There also the usual author’s index which 
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contains card for every book the library. There also special 
subject-index for bringing out the minor details, Railroads 
locomotives, rails, frogs, switches, etc. 

person desirous securing information any general branch 
railroad work can immediately turn all the books the library 
that branch, say, for instance, Railroad Equipment. 
that Mr. Smith has written valuable report and does not know what 
railroad was for about, can find that report the Authors’ Cata- 
logue. wishes know what there the library specific 
subject such railroad water tanks cinder pits, can find the 
Subject-Index. 

Three four cards, the average, have been found necessary for 
each title. More than 000 cards have already been written. 
hoped that before long may able advertise the fact that any 
member, application the Secretary, may have search made 
any subject upon which may desire have information, and the 
present index necessary step toward that end. 
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EXCURSIONS, ETC., DURING THE THIRTY-FIRST ANNUAL 
CONVENTION. 


The arrangements for the Convention were the hands the 
following Committees: 
Committee the Board Direction. 


ScHNEIDER, Chairman. 
Henry CHARLES WARREN 


Local 


Chairman. 


Members the Society and members their immediate families 
were furnished with the following transportation facilities: 


the courtesy the Pennsylvania Railroad about 270 members 
and guests, from New York and from New England points, were 
provided with special free train, which left New York 1.40 
Monday, June 26th, and, making stops Newark and Trenton, 
ran through Cape May, arriving there about 6.50 

Transportation between Pittsburg and Philadelphia, and between 
Washington and Philadelphia, and intermediate points, was furnished 
the Pennsylvania Railroad, which also provided second special 
train, from Philadelphia Cape May. This train, carrying about 
250 members and guests, left Philadelphia 4.30 Monday, 
June 26th, and arrived Cape May about 7.10 

Thursday, June 29th, through the courtesy the Pennsylvania 
Railroad, party about 280 members and guests made excursion 
Atlantic City, J., where they visited the new iron pier, Young’s 
pier, the sewage disposal works, the water-works and other points 
interest. The party returned Cape May the afternoon, arriving 
time for dinner. 

Saturday, July return transportation from Cape May 
Philadelphia was provided through the courtesy the Philadelphia 
and Reading Railway. trains left Cape May and 8.15 
M., arriving Camden two hours later. From Camden party 
about twenty-five took special train visit the works the 
Roberts Company Pencoyd, Pa., special invitation Mr. 
Percival Roberts, President the company. 
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The remainder the party spent two hours inspecting Cramp’s 
shipyard and were then conveyed train, provided the 
Philadelphia and Reading Railway, examine the Improvements 
the Approaches that railway Pennsylvania Avenue. 

Luncheon was provided the Local Committee, the Reading 
Terminal, the Broad Street Station and the Hotel Hanover. 

2.30 special train, provided the Philadelphia and 
Reading Railway, left the Reading Terminal and arrived New York 
4.40 

the afternoon, parties, conducted various members the 
Local Committee, visited the Parks, the Water-Works and other 
points interest Philadelphia. 
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THE ATTENDANCE THE THIRTY-FIRST ANNUAL 
CONVENTION. 


The following 315 Members were attendance: 


Harrisburg, Pa. Bush, Edward W....Hartford, Conn. 
Albree, Ralph........ Allegheny, Pa. 
Alden, Charles A..... Pa. Carlile, Pa. 
Kenneth ...... Baltimore, Md. Carter, W.J ........ Cleveland, Ohio 
Asserson, Chapin, ........ Canton, Ohio 
Atkinson, John B....Earlington, Ky. Chester, N......... Pittsburg, Pa. 
Averill, Frank L..Washington, D.C. Christian, L....... New York City 
Clapp, George H...... Pittsburg, Pa. 
Bacon, John ..... Danbury, Conn. Clark, V., Jr....Philadelphia, Pa. 
Baird, Howard Pa. New York City 
Baker, Holland ...St. Louis, Mo. New York City 
Baldwin, William J...New York City Coffin, Amory ...... New York City 
Ball, Charles D.C. Cohen, Fred. W.. ... Harrisburg, Pa. 
Belden, Edgar T...... New York City Condron, L.......... Chicago, 
Belknap, Louisville, Ky. Connor, ........ St. Louis, 
New York City Coombs, Robert D., Jr..Steelton, Pa. 
Berg, Walter G.South Bethlehem, Pa. Corthell, L......... New York City 
Bergengren, F....... Harrisburg, Pa. Cowles, Walter L...... Pittsburg, Pa. 
Betts, E...... Chattanooga, Tenn. Crabb, Thomas........ Newark, 
Binion, Joshua ....... New York City ~Crandall, L......... Ithaca, 
Blakeley, George H...Paterson, Craven, Alfred........ New York City 
Boller, Alfred P....... New York City New York City 
Bolton, Channing M....... Va. Cunningham, A.C Washington, 
A........ Philadelphia, Pa. Cunningham, W.Los Angeles, Cal. 
Bott, B........ Pa. Curtis, Chicago, 
Brackenridge, A., Dalrymple, W.Hornellsville, 
Niagara Falls, Charles Philadelphia, Pa. 
Breithaupt, H....New York City Davis, Charles........ Pittsburg, Pa. 


Breuchaud, Jules.....Yonkers, Davison, George Pittsburg, Pa. 
Brinckerhoff, W...New York City Deans, Pa. 


Brooks, Frederick..... Boston, Mass. Doane, W.A ......... Meadville, Pa. 
Buchholz, Charles W..New York City Dunham, F........New York City 
New York City Ward... Philadelphia, Pa. 
New York City Edwards, H....East Berlin, Conn. 
Burgwyn, E....Richmond, Va. Ellis, John W..... Woonsocket, 


Burnham, W....Philadelphia, Pa. Endicott, M.T ...Washington, 
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FitzGerald, 
Flad, Edward........ St. Louis, Mo. 
Francis, George B.... Boston, Mass. 


Freyhold, Felix...Washington, 
Frick, Walter.... Carbondale, Pa. 
Bethlehem, Pa. 
Fuller, George W:....Louisville, Ky. 
Furber, William .Philadelphia, Pa. 
Garrison, L...... Philadelphia, Pa. 
Gifford, George E.....New York City 
Goad, Charles E....... London, Eng. 


Gowen, Charles Sing, 
Gartensteig, Charles...New York City 
Graves, Edwin D.....Hartford, Conn. 


Gray, William....... York City 


Greiner, .......Baltimore, Md. 


Haight, Stephen York City 


Hains, Peter C....... Baltimore, Md. 
Harlow, James H...... Pittsburg, Pa. 
Haring, James Somerset, Pa. 
Harrington, E......... Easton, Pa. 
New York City 


Harrison, W....Jersey City, 


Harrod, New Orleans, La. 
New York City 
Hatton, Wilmington, Del. 
Haupt, M....... Philadelphia, Pa. 


Hazen, Allen ........ New York City 
Hering, Rudolph...... New York City 
John W........ Cincinnati, Ohio 
Hill, William R...... Syracuse, 
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Hill, Edwin A.....Washington, 
Hinckley, St. Louis, Mo. 
Hoag, New York City 
Hodgdon, Frank W....Boston, Mass. 
Hogue, Charles Jay..Little Rock, Ark. 


Hopkins, Charles C...... Rome, 
Hopper, John J........ New York City 
Horton, Horace Chicago, 
Howe, Edward W...... Boston, Mass. 
Hubbell, Clarence W...Detroit, Mich. 


L....Philadelphia, Pa. 
Hunt, Chas. York City 
Hunt, Conway B...Washington, 
Hutchinson, Ohio 
Hatton, Baltimore, Md. 
Hutton, William R....New York City 
Hyde, Lincoln.....Cleveland, Ohio 


Jenkins, William D...Baltimore, Md. 
Johnson, Lewis E....... Steelton, Pa. 


Johnston, Horace G...Aultman, Ohio 


Jones, Pa. 
Karner, William J...... Chicago, 
Chester, Pa. 
Knapp, Louis H........ Buffalo, 
Knowles, Morris....... Pittsburg, Pa. 
Kenly, William L..... Baltimore, Md. 
King, New York City 
Kingsley, W...... Cleveland, Ohio 
Lathbury, B..... Philadelphia, Pa. 


Latrobe, Charles Md. 
Leisen, Theodore A.. Wilmington, Del. 
Leonard, Philadelphia, Pa. 
W...... Philadelphia, Pa. 
Lewis, Sidney F....New Orleans, La. 
~Leutzé, Trevor 
Lindenthal, Gustav...New York City 


Linton, Harvey......... Altoona, Pa. 


Loweth, Paul, Minn. 
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Lowinson, Oscar...... New York City 
Lucas, Jones....Philadelphia, Pa. 
Maclay, W..... Glens Falls, 


McComb, E....Washington, 
McDonald, Hunter. Nashville, Tenn. 


MacGregor, New York City 
Robert E..... St. Louis, Mo. 
New York City 
Marden, Walter R..... Pittsburg, Pa. 
Martin, Wisner B.....New York City 
Mayer, Joseph........ New York City 


Merriman, M...South Bethlehem, Pa. 
Merriman, ..... Washington, 
~Meyer, Henry C..... New York City 
Mordecai, Ohio 
Miller, Imbrie ...Bryn Mawr, Pa. 


New York City 
Mills, Charles M....Philadelphia, Pa. 
Modjeski, Ralph........ Chicago, 
Moore, St. Louis, Mo. 


George York City 
Morrison, H.P.,W.New Brighton,N.Y. 
Nelson, Alexander Pa. 


Pegram, George H.....New York City 
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Perrilliat, Orleans, La. 


Peverley, New York City 
Phillips, Asa E....Washirgton, 
Pierce, William T..... Boston, Mass. 
Pitts, Thomas D....... New York City 
Pratt, Mason D....... Pa. 


Pratt, William Del. 
Pratt, William A....Philadelphia, Pa. 
Prior, Charles Minn. 
New York City 
Polk, William A...... New York City 
Purdy, Corydon T.....New York City 


Rafter, George W...Rochester, 
Ramsey, Joseph, ...St. Louis, Mo. 
~Raymond, W....Philadelphia, Pa. 
Rea, Samuel........ Philadelphia, Pa. 
Reece, Benjamin...Wilmington, Del. 
Reed, Boardman...New York City 


Rice, Walter Cleveland, Ohio 
Richards, Joseph Pa. 
Richardson, F...... Clinton, 
Riser, Beaver Falls, Pa. 
~Russell, St. Louis, Mo. 


Neumeyer, Robert E..Bethlehem, Pa. Fulton, Ky. 
Noble, Alfred........... Chicago, Ill. ~Savage, Parral, Mex. 
North, Edward P.....New York City Pa. 
Schermerhorn, Philadelphia, Pa. 

Ockerson, A........ St. Louis, Mo. Schmidt, MaxE ..... New York City 
B., Pa. Schneider, Pencoyd, Pa. 
O’Rourke, John F.....New York City Scofield, Youngstown, Ohio 
Osborn, Frank Ohio Scovill, E.T......... Cleveland, Ohio 
Ostrander, John Mass. Seaman, Henry B..... New York City 
Owen, James.......... Newark, Searles, H......... New York City 
Oxholm, W.New Brighton, N.Y. James A...... St. Louis, 
Shankland, M........ Chicago, 

Packard, G.........New York City Schaub, W............ Chicago, 
Pardee, James T..... Cleveland, Ohio Frank W.....New York City 
Parmley, Ohio Smith, Waldo...... Paterson, 
Parsons, George W..... Steelton, Pa. Smith, Oberlin ..... Bridgeton, 
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Snyder, George Pa. 


Spencer, John C....... Pittsburg, Pa. 
Spielman, G........ Pittsburg, Pa. 
Stanton, Sewickley, Pa. 
Starling, William...New Orleans, La, 
Strickler, B........ Rehoboth, Del. 
Stuart, Francis L..Washington, 
Swensson, Emil....... Pittsburg, Pa. 
Taber, George A....... New York City 


Taussig, Hubert Louis, Mo. 
Taylor, Charles F....Syracuse, 
Thacher, Edwin...... Paterson, 
Thackray, George Pa. 
Thayer, Russell.... Philadelphia, Pa. 
Thompson, B...... Greensboro, 
Thompson, Ellis Pa. 
New York City 
Thomson, John........New York City 
Trautwine, Jr.Philadelphia, Pa. 
New York City 
Trotter, Alfred W......New York City 
Trundle, Horatio H... Leesburg, Va. 
Tuthill, Job....Grand Rapids, Mich. 
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Ulrich, Daniel........ New York City 


Waddell, L....Kansas City, Mo. 

Wagner, Joseph Philadelphia, Pa. 

Wagner, Samuel Tobias, 
Philadelphia, Pa. 


Wallace, John F......... Chicago, 
Webb, Walter L....Philadelphia, Pa. 
Webster, Philadelphia, Pa. 
Webster, William Pa. 
Whitney, Frank Boston, Mass. 
Whitney, Madison, Wis. 
New York City. 
~Williams, Gurdner Ithaca, 


Wilson, Joseph M..Philadelphia, Pa. 
Wimmer, Sebastian...St. Mary’s, Pa. 


Woods, Henry West Newton, Mass. 


The total registered attendance the Convention was follows 


320 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 
House the Society open every day, except Sunday, from 
o’clock. 


MEETINGS. 


Wednesday, September 6th, 1899, 20.30 o’clock, regular busi- 
ness meeting will held. Ballots for membership will canvassed, 
and two papers will presented, viz., Pile-Driving Formulas; Their 
Construction and Factors Safety,” Charles Haswell, Am. 
Soc. E., and The Groined Arch Covering for Reservoirs and 
Sand Filters: Its Strength and Volume,” Leonard Metcalf, Assoc. 
Am. Soc. These papers were printed the May number 
Proceedings. 


Wednesday, September 1899, 20.30 o’clock, regular 
meeting will held, which will presented paper Henry 
Prichard, Am. Soc. E., entitled, Provision for 
Counterstresses Railroad Bridges,” and paper Hudson, 
Hinged and Two-Hinged Spandrel-Braced Parabolic Arch.” These 
papers are printed this number Proceedings. 


INVITATION MEMBERS. 


The American Institute Mining Engineers has tendered, through 
its Secretary, cordial invitation the members this Society 
attend its next meeting which will held San Francisco, Cal., 
about September 25th, 1899. This invitation includes the privileges 
special rates and trains which have been arranged for the trip. Mr. 
Theodore Dwight, Assistant Treasurer, Am. Inst. Mining Engrs., 
John Street, Y., charge these matters and should com- 
municated with any member who desires avail the invitation. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(May 10th August 7th, 1899.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth Philadelphia, Pa., 30c. 

(2) Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Philadel- 
phia, 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, Til. 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can 

(6) School Mines Columbia 
Univ., New York City, 50c. 

(7) Technology Inst. 
Tech., Boston, Mass., 

(8) Stevens Stevens Institute, 
Hoboken, J., 50c. 

(9) Magazine, New York 


(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 35c. 
(12) The Engineer (London), International 
News Co., New York City, 35c. 
(13) Engineering News, New York City, 


(14) The Record, New York 
ity, 
(15) New York City, 


(16) Engineering and Mining Journal, 
New York 15c. 

(17) Street Railway Journal, New York 

ity, 

(18) Railway and Engineering Review, 
Chicago, 

(20) New York City, 
(21) Railway Engineer, London, Eng- 


and. 

(22) Iron and Coal Trades Review, Lon- 
don, England, 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gaslight Journal, New 
York City, 

(25) ngineer, New York City, 


(26) Electrical Review, London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 

(28) Industries and Iron, London, Eng- 


(29) Journal, Society Arts, London, 
England 


ngland. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Ecéle Spéciales Gand, Brus- 
sels, Belgium. 


(32) Memoirs Compt Rendu des Tra- 
vaux, Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 

(42) Transactions, Am. Inst. Elec. Eng., 
New York City, 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Island, New York 
Harbor. 

(45) and Scranton, Pa. 

(46) American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 

(49) Zeitschrift fir Bauwesen, Berlin, Ger- 


many. 

(50) Stahl und Eisen, Duesseldorf, Ger- 

(51) Deutsche Bauzeitung, Berlin, Ger- 

(52) Rigasche Industrie-Zeitung, Riga, 


Russia. 

(53) Zeitschrift des oesterreichischen In- 
genieur und Architekten Vereines, 

ienna, Austria. 

(54) Den Tekniske Forenings Tidsskrift, 
Copenhagen, Denmark. 

(55) Copenhagen, Denmark. 

(56) Tidskrift. Stockholm, Swe- 


(57) Teknisk Christiana, Norway. 
(58) Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, 
(59) Transactions, Mining Institute 
Scotland, London and Newcastle- 
upon- Tyne. 
(60) Bridges and Structures, 358 
Dearborn St., Chicago, 30c. 
(61) Proceedings, Western Railway Club. 
225 Dearborn St., Chicago, 25c. 
(62) Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 
(63) Minutes Proceedings, Inst. E., 
London, England. 
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LIST ARTICLES. 
Bridge. 


Street Bridges Over Railroad Tracks Buffalo. (14) May 13. 

Some Hints Bridge Designing. (4) April, 1899. 

The Atbara River Bridge (Soudan). (15) May 26; (12) June (11) June 

The Greenpoint Avenue Bridge, Brooklyn, (14) May 27. 

The Alexander III Bridge, Paris; Construction and Erection Arch Ribs. (13) May 25. 

The Morison Lift Bridge over the Chicago River. (15) June 

The Kaiser Wilhelm Bridge. (14) June 10. 

The Manhattan Valley Viaduct, New York City. (13) 

New Glasgow Bridge. (12) June 

Carlsberg Viaduct, Denmark. (12) July 14. 

Replacing the Newark Draw. (20) July 27; (14) July 29. 

Construction the Kornhaus Bridge, Berne, Switzerland. (14) June 17. 

The Forbes Street Bridge, Pittsburg, Pa. (14) July 

The Scherzer Rolling Lift Bridge over the Fort Point Channel, Boston. (15) August 

Cantilever Bridge Lewiston, Idaho. (18) July 

Bridge Across the Indus the Indian State Railway. (11) July 28. 

Notes Recent French Bridge Construction. (13) July 

Stone Arch-Rib Railroad Bridge. (14) 

Curious Railway Trestle Bridge Failure, Nemadji River, Wis. (13) June 15. 

The Atlantic City Steel Pier. (14) July 

Pile-Driving with the Water-Jet Blackpool. (11) May 26. 

The Architectural Element Engineering Work. (14) 

Paints for Iron. (12) July 14. 

Tests Girder Bridges. (51) July 

Les Nouveaux Ponts sur Rhin, Dusseldorf. Henry Martin. (33) May 20. 

Note sur Mise Place des Nouveaux Tabliers Métalliques des Ponts sur Ciron 
Dropt. (38) July, 1899. 

Notes sur Construction Viaduc Viaur (Ligne Carmaux Rodez). 
Théry. (43) First trimestre, 1899. 

Pont Lepine. Biette. (43) First trimestre, 1899. 


Electrical. 


Telephone Relays Repeaters. William Hammer. (27) 

Wireless Telegraphy. Prof. Dolbear. (27) June 10. 

Pollak-Virag Machine Telegraph System. (27) July 15. 

Oceanic Research and the Submarine Telegraph. (26) May 19. 

Etheric Telegraphy. W.H. Preece. (29) 

Construction and Reconstruction Telegraph Lines. Bristol. (15). June 

Lighting Railway Carriages Electricity, (12) July 14. 

1537-Light Municipal Electric Lighting Plant for San Francisco, Cal. (13) 

25. 

Artificial for Ordinary Business and Domestic Purposes. Leon Lowe. 
(24) August 

Central Station the Boston Electric Light Company. (27) May 27. 

the Frequency Alternating Currents. Harrison Smith. 

7) June, 1899. 

Some Methods Measuring High Potentials with Low Potential Instruments. Prof. 
Samuel Barnett. (27) June 17. 
Device for Measuring the Frequency Alternating Current. Hubert 
Carpenter. (27) August 
Rotary Transformers and Storage Batteries Related Long-Distance Transmission. 
Prof. Robb. (27) June 10; August 

Relation Between Armature and Line Currentsin Polyphase Transmission. Prof. Henry 
Carhart. (27) June 17. 

Transformation Three-Phase Two-Phase Currents. P.G.Watmough. (27) 

Three-Phase Four-Wire Low-Tension Systems. Bowie,Jr. (27) June 17. 

The Development and Operation Local Electrical Transmission System. Bar- 

Single-Phase Distribution Electric Current. Herbert Wagner. (13) June 

Transformer Tests. Elwell Goldsborough. (13) June 

Mechanical Stresses Dynamo Coils. (27) May 27. 

Resistance Detector. John Henry. (27) May 27. 

Transformer Core Losses. Elwell Goldsborough. (27) May 20. 

Special Types Alternators. Jarvis Patten. (27) May 20. 

New Variable Ratio Transformer. (12) May 

Electrical Radiation. Arthur Abbott. (4) April, 1899. 

The Limitations Power Subdivision Electric Motors Manufacturing Establish- 
ments. (42) April, 1899. 

Callendar’s Recorder and Platinum Thermometer. (11) May 26. 

Economical Transmission and Distribution Electricity Horace Field 
Parshall. (11) June 16. 


Method for Testing Single Transformer. Johannesen. (27) July 


Are Machine Franklin Watts (27) July 29. 


Some Notes Underground Distribution Two-Phase Currents New York City. 
Leslie. (27) June 17. 


Some Non-Integrating Electric Meters. Prof. William Edward Ayrton. (11) June 
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Radiophone the Electrical Exhibition. (46) May 27. 
and Rational Simplification Electric Units. Prof. Blondel. (27) 
uly 29. 
Electric Contact Device for Drawbridge. Birdsall. (27) July 22. 
The Effect Intense Cold Magnetic Hysteresis. Arthur Ford. (27) August 
27) August 
the Oxidation Carbon Ordinary Temperature Means Oxygen 
with the Production Electrical Energy. Willard Case. (27) July 22. 
The Electrical Installation for the 1990 Paris Exposition. Georges Dary. (27) July 15. 
Underground Electrical Construction. Louis Ferguson. (13) July 20. 
New Primary Battery. Darling. (3) July, 1899. 
Methods Electrical Transformation. James Swinburne. (11) June 
the Luminosity the Rare Earths When Heated Vacuo Means Cathode 
Rays. Swinton. (28) June 
Electricity Marine Work. (10) July, 1899. 
Horse and Delivery Wagons New York City. (27) July8; 
19) July 22. 
Electricity Steel Works. (12) July 14. 
Electricity Factor Modern Development. Owens. (10) June, 1899. 
The St. Helens Corporation Electricity Works and Tramways. (26) July 21. 
Ashton Corporation Electricity Works and the Oldham, Ashton and Hyde Electric Tram- 
way. (26) July 14. 
Some Electrical Features the Power Station the Consolidated Traction Company 
Pittsburg. (17) August, 1899. 
Western Electric Station Copenhagen. Hentzen. (55) April 29. 
Short-Distance Electric Power Distribution. James Swinburne. August, 1899. 
Fabrication des Fils pour Usages Electriques. (36) May 25. 
Les Tramways d’Amiens. (36) May 25. 


Utilisation des Chutes Niagara, état Actuel des Installations Hydro-Electriques. 


(33) June 17. 
Electriques Compagnie Générale des Voitures Paris. Prouteau. (36) 
une 25. 
Distribution d’Energie par dans les Ateliers Construction Machines 
Allgemeine Elektricitaets Gesellschaft Berlin. (36) July 10. 
Méthode Liebenow pour Mésure Résistance d’une Batterie 
Drouin. (36) July 10. 


Marine. 


The New Royal Yacht Victoria and Albert. (11) May 12; (12) May 12. 

Electric Yachts Holland. (10) June, 1899. 

Hermes and Highflyer. (11) July 

The Trials Hermes. (11) June 

The New British Battleship Vengeance. (11) July 21. 

French Armored Cruiser Jeanne (12) June 

Water Tube Boilers, Orlando. (12) 

Naval Repair Ship Vulcan. Gardiner Sims and W.S. Aldrich (9) 
uly, 1899. 

The German First-Class Battleship Kaiser Friederich (19) 

the Launch Battleship. Champness. (11) July 28; (12) July 28. 

The Launch Vengeance. (12) July 

the Boiler Arrangement Certain Recent Cruisers. F.T. Marshall. (12) July 28. 

Elswick Cruisers. Philip Watts. (12) July 28. 

Express Boilers War Vessels. (12) May 26. 

Triple Expansion Engines. Cheerful and Mermaid. (12) July 21. 

Steamers Moderate Size. Edwin Lewis Martin. (11) (12) 
une 


Steamers and War Requirements. John Harvard Biles. (11) June (12) 
une 


Cargo Steamers. Edwin William Rusett. (12) June 

June 16. 

Kinfauns Castle. (12) May 19. 

Twin-Screw Moskva, for the Russian Volunteer Fleet. (11) May 12. 

Engines the Russian Volunteer Steamer Moskva. (11) May 26. 

The Water-Tube Boiler Passenger Steamers. (12) May 26. 

Thrust Block Friction. von Kodolitsch. (11) July 28. 

Fighting the Ice River and Lake. George Walsh. (10) June, 1899. 

Ice-Breakers. (12) July 21. 

Bucket-Dredging Machine. (11) June 25. 

Graving-Dock Blocks and Appliances. Arthur John Maginnis. (11) June 23. 

New Thames Graving Dock. (12) July 28. 

New Graving Dock Troon. (12) July 14. 

The Failure Timber Dock. (14) July 29. 

The New Dry Dock for the Navy Boston, Mass. July 20. 

and Graving Docks. Robert Cope Hardy Davison. (11) 
12) June 
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Marine—(Continued). 


The New Government Testing Tank for Ship Models the Washington Navy Yard. 
Taylor. Naval Constructor, (13) July 

The Supporting Ships Dry Docks. Francis Elgar. (11) July 28. 

Keyham Dockyard Extension Works. Whately Eliot. July 28. 

and Fall the American Merchant Marine. Joseph Oldham. (1) May, 

The Application Mechanical Devices the Riveting and Calking Ships. Robert 
Twentyman Napier. (11) June 23. 

Portable Pneumatic Riveters Shipbuilding. (11) July 21. 

Reloading Large Steamers. William Henry Hunter. (11) June 

(12) June 

Electric Power for Marine Propulsion. Charles Child. (9) June, 1899. 

The Bending Strains Z-Bars, used Shipbuilding. (48) May 27. 

Dry Dock Chili. Horn. (53) May 19. 


Mechanical. 
The Design and Manufacture Ironin Ornament. Albree. (48) March, 


Tilting Furnaces. Archibald Head. (11) May 12; (28) July 14; (50) 


une 
Blast Furnace and Coke-Oven Gases. Enrique Disdier. (28) May 12; (47) 
27. 
The Use Hot-Blast the Bessemer Process. Wiborgh. (28) May 19; (11) July 14. 
The Design Hot-Blast Coils. (14) 
Utilization Blast-Furnace Gas. (50) July 15. 
The Use Blast-Furnace Gas Gas Motors and Tests 60-Horse-Power Gas Engine. 
Meyer. (48) April 29. 
Use Blast and Coke Furnace Gases. (50) June 
Smelting Furnace Deutscher Kaiser Bruckhausen Rhein. (50) June 15. 
The World’s Consumption Pig Iron the Steel Industry. Jeans. (20) June1. 
Steel Manufacture Direct fromthe Ore. Dimitris Tschernoff. (16) 
Materials ina Foundry. W.J. Keep. (20) May 25. 
The Wellman Open-Hearth Furnace. (20) May 25. 
Forgings and the Machines Used Producing Them. (12) June 
The Crystalline Structure Metals. Ewing and Rosenhain. (28) June 
Goldschmidt’s Method Measuring High Temperatures. Wiist. July 15. 
Crystallization and Segregation Cast-Iron. (13) June 
The Heyl Patterson Pig Lron Casting Machine. (20) May 18. 
the Size Test Piece the Compressive Strength Cast-Iron. (13) 
18. 
Importance Fillets and Round Corners Modern Machinery Castings. John 
Richardson. (28) July 
and Facts Relating Cast-Iron and Steel. Bertrand (41) July, 
99. 
The Properties Steel Wire. Archer Dave Keigwin. (63) Part II, 1899. 
Ductility and Working Steel Castings. Bach. (48) June 10. 
Casting Temperature Upon Steel. Robert Abbott Hadfield. (11) June 


Pipe Flanges and their Bolts. Nagle. (24) May 15. 

Rolling Mill Fly-Wheels. John Am. (20) May 18; (10) June, 1899. 

Some Historic but Successful Fly-Wheels. (14: May 

The Water Tube Boiler. (11) July 21. 

New Method Forced July 21. 

Some Experiments Having Reference the Durability Water-Tube Boilers. 
Yarrow. (12) July 21. 

Lyall’s Water-Tube Boiler. (12) May 19. 

Automatic Stoker Messrs Charrington’s Brewery. (11) May 26. 

Investigations Boiler Explosions. (14) May 20. 

Efficiencies Modern Steam Boilers and Furnaces. R.S. Hale. (9) July, 1899. 

Experiments the Heat-Absorptive Power Water. (12) May 12. 

New Type Compound Engine. (27) May 27. 

uick-Revolution Steam Engines. Arthur Herschmann. (48) April, 1899. 

High-Speed Engines. John Handsley Dales. (63) Part 1899. 

Wigzell’s Triple Expansion Engine. (11) May 

Development the Steam Turbine Parsons. (10) July, 1899. 

Double-Cylinder Steam Fire Engine, London County Council. (19) May 20. 

Vertical Steam Engines. Marx. (48) May 13. 

German Blowing Engine. (16) July 22. 

High-Pressure Cornish Engine, Basset Mines, Cornwall. (12) May 12. 

The Valves Watertown Four-Valve Engine. (14) June 10. 

New System Valves for Steam Engines, Air Engines and Compressers. Fred 
Gordon (13) June 15; (20) July 13. 

Some Uses the Steam Engine Indicator. Edward Miller. (15) May 26. 

the Connecting-Rod Problem. Prof. Dunkerley. (11) June 

Motors for Driving Train Rollers. Kiesselbach. (50) May 

Oil Motors. Loos. (53) June 16. 

The Importance High Pressure Fuel Oil Burning. (25) June, 1899. 
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Mechanical—(Continued). 


Diesel’s Rational Heat Motor. Meier. (7) June, 1899. 
The Diesel Motor. (18) July 


ani Future Benzine and Petroleum Engines. Lieckfeld. 


1899. 
The Monarch Launch Motor, (28) June 16. 
Pneumatic Pyrometer. Uehling and Steinbart. (50) May 
The Pump. (55) July 
Test Pumping Engine Chicago, Ill. (13) August 
Compound and Triple Expansion Pumping Engines. (14) July 
Condensers and Cooling Towers. (25) August, 1899. 
and Design Surface Condensers. Thomas Ernest Stanton. (63) Part 

, 1899. 


Treatment Air-Cooling Water Towers. Wiliiam Mosscrop. (13) 
uly 


Condensing Plants for Factory Purposes. Sir Alfred Seale Haslam. (11) June 


New Gas-Generating Machine. (46) 

Labor-Saving Appliances Gas Works. Charles Claude Carpenter. (11) June 23. 

Residual Products from Gas Purification. William Foulis. (11) June 23. 

The Utilization Coke Oven Gases for Lighting. (16) July 29. 

Self-Intensive Gas Liquefier. (12) May 12. 

The Products Combustion Illuminating Gas. (24) May 15. 

Incandescent Mantles. Vivian Lewes. (24) May 22. 

The Kern Incandescent Gas Burner. (24) May 29. 

Some Special Features the Connecting Mains Provincial Gas Company’s Stations. 
(24) May 22. 

The Evolution the Hydraulic Main. William Carr. (24) July 31. 

New Design Gas Engines. (12) May 12. 

Gas Engines Motive Power Engineering Works. Bellamy. uly 27. 

The Evolution and Future the Gas Engine. George Lieckfeld. (9) July. 1899. 

Gas Tram Cars, the Black Pool. St. Anne’s and Lytham (12) July 28. 

Hydraulic Transmission and Distribution Power. Ellington. (9) June, 1899. 

uly, 

Compound Two-Stage Air Compresser. (20) May 25. 

Four-Stage Air Compresser for Street Car Service, (13) (14) June 10. 

The Voiturette. (28) July 28. 

The Blake Motor-Carriage. (28) July 21. 

Automobolism Paris. (46) May 13. 

Electric Hacks Paris. (19) May 27, 

Motor Cab Trials Paris. (12) June 16. 

Delivery Van and Omnibus. Charles Mildé Co. (26) May 19. 

Electric Fire Wagon. (12) July 

New Automobile Fire Engine. (19) August 

Cranes and the Power used with them. Arthur Pitt. (11) June 23. 

Electrically-Operated 150-Ton Revolving Derrick. 

25-Ton Electrical Crane. (11) June 

The Cantilever Traveling Cranes the Cramp Shipyard. (20) June 22. 

Coal Dock Plant the Baltimore Ohio Railway, Sandusky, Ohio. (18) July 

Temperley Transporters for Coal Handling. (55) May 13. 

The Production Seamless Tubing. H.S. Wilson. (1) June, 1899. 

Strength Tubes. Oberlin Smith, Am. (20) August 

The Folding Military Bicycle. (19) May 20. 

Motive Power the Design Cotton Mills. Stephen Greene. (10) 

uly, 


The Limitations Power Subdivision Electric Motors Manufacturing Establish- 
ments. (42) April, 1899. 


The Utilization Waste. John Birkinbine. (2) July, 1899. 

New Type Steam Road Roller. (13) 

New Method for the Production High Temperatures, and for the Preparation Diffi- 
cultly Fusible Metals, free from Carbon. Goldschmidt. (19) May 20. 

Steam Hydraulic Press. Kilogram Capacity. July 

Pneumatic Tools. Haedicke. (50) 

Machine Tools. Arthur Greenwood. (11) June 23. 

Pneumatic Propulsion. (12) June 

The Calculation Centrifugal Ventilating Fans. (14) August 


Tests Rubber Packing Rings the State Laboratory. (55) April 15. 
The Hastings Tunneling Shield. (13) August 


Plant for the Commercial Manufacture Liquid Air. (13) June 
Etude sur divers Gaz combustibles pour divers Usages industriels général, 
pour Production Force Motrice. Lencauchez. (32) May, 


Théorie Mathématique Machine Vapeur. Nadal. (37) June, 1899. 
Les Régulateurs des Machines Vapeur. L.Lecornu. (37) April, 1889. 
Théorie Mathématique Machine Vapeur. Anspach. (37) April, 


(9) August, 


Note sur Chocs causés par dans les Conduites Vapeur sur les Ruptures 
Valves Fonte. Walckanaer. (43) First trimestre, 1899. 


Bulletin des Accidents Vapeur survenus pendant 1897. (43) First 
trimestre, 1899. 
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Mechanical—(Continued). 


Déformations Permanentes Rupture des Métaux. Faurie. (37) June, 1899. 

Grande Sidérostat Gautier. May, 1899. 

Machine Additionner les Fractions. (36) June 10. 

Régulateur Pressionet Hydro-Alimenteur Automatique pour Chaudiéres 
Systémes Sandillon. (36) June 10. 

Nouvelles Voiturettes Automobiles suspension Elastique. (36) June 10. 

Deuxiéme Concours des Fiacres Automobiles. (33) June 24. 

Rails, Traverses Poutrelles acier. Emile Demenge. 
(33) May 


Military. 


The Toulon Explosion. Col. Bucknill. (11) May 26. 

Quick-Firing Field-Gun Carriages. (12) May 26. 

Tue Mine Defence Santiago Harbor. Lieut. Capehart, (10) July, 1899. 
The Story Smokeless Powder. Hudson Maxim. (10) July, 1899. 

Wave Action Guns. Frederick McGahie. (19) May 27. 

The Terrain. Lieut. Castle. (44) July, 1899. 

Electric Communication the Field. Howard Giddings. (44) July, 1899. 

Some Properties Cordite. Sir William Anderson. (63) Part II, 1899. 


Mining. 


Notes Gold Mining. Fearnside Irvine. (11) June 16. 

Modern Practice Gold Mining. John Hays Hammond. (11) June 

The Rose Deep Gold Mine. Johannesburg. (12) June 16. 

Hydraulic Gold Mining. John Robert Richardson. (63) Part 11, 1899. 

Manganese Ore Brazil. (50) 

New Center for the Russian Industry. Glassenapp. (52) No. 

and Kaolins Southeastern Pennsylvania. Hopkins. (3) July, 
1899. 


The Iron Industry Sweden David Louis. (9) June, 1899. 

The Great Magnetite Deposits Swedish Lapland. David Louis. (9) July, 1899. 

By-Product Coke Ovens. Evence Coppee. June 

Comparative Advantages Electricity, Steam and Compressed Air for Mining Pur- 

oses. Henry Slade Childe. (11) William Edward Garforth. (11) June 23. 

Problems che Treatment Butte Ores. Wethey. (16) July 

Testing and Sampling Placer Deposits. Edmund Kirby. (16) July 29. 

Electricity Coal Mining. John Price Jackson and Frank Thompson. (28) July 28; 
(19) August 

Ignition Firedamp and Coal Dust Means Electricity. Report Experiments 
Ascertain the Danger Using Electric Appliances Mines. (45) August, 1899. 

Timbering Underground Workings. George Kerr. (45) June, 1899. 

Anthracite Mines with Increasing Depths. Prytherch. 

45) June, 1899. 

Current Ventilation; the Early Methods, Single Current Coursing, Splitting, and the 
Causes From Which They Originated. (45) August, 1899. 

Life Saving Mines. (45) June, 1899. 

Modern Mine Haulage Practice. Harry Myers. (2) July, 1899. 

Modern Improvements Coal Mining; Winding from Deep Mines. Henry William 
Martin. (11) June 

Locomotives Mines Vapeur (36) June 25. 


Municipal. 


Good Roads New York State. (14) May 20. 

County Road Construction Ireland. (14) May 13. 

Concrete for Street Work. (14) June 

Subways for Street Pipes. (14) June 

Roads and Street Pavements. Francis Blackford. April, 


Road Making Ontario. (14) June 10. 

Public Works Kansas City. (14) June 17. 

Experience with Wood Pavements Ipswich, England. (14) July 

The Use Concrete Curbs and Gutters. (13) 

The Strand Improvement, London. (12) 

Redwood Block Paving with Asphalt Carpeting Oakland, Cal. (13) July 20. 
State Road Construction, New York. (14) August 

Notes Indianapolis Pavements. (14) August 

New York Street Widenings and Extensions. July 29. 

Construction Substructures Streets. Henry Hodgkins. (24) July 24. 
Construction des Routes. Cyrille Jansens. (30) June, 1899. 


Railroad. 


The Central Georgia Terminals. (40) May 26. 

The Improvements and East River Tunnel the Long Island Rail- 
road. (13) May 18. 

Southern Pacific Terminal Oakland. July 21. 

The Boston Elevated Railway. (13) May 11. 


Building the Boston Elevated Railroad. Edgar Smith. (15) July 
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Railroad—(Continued). 


the Northwestern Elevated Railroad Company Chicago. (17) 
uly, 1899. 


Drainage Plant Sixteenth Street Crossing, Chicago. (18) May 13; 

(40) May 12. 

New Gravity Yard, Central Railroad New Orleans. (18) July 

Ash and Sand Handling Station, Illinois Central Railroad, Chicago, (18) July 
) 


The North Bessemer Tunnel. House. (18) July 15; (15) July 

The New Treptow-Stralau Tunnel under the Spree. (19) 20. 

American Railway Colombia. Francis Hart. (7) June, 1899. 

Railway Pile-Driver. Smith. (4) June, 1899. 

Timber. Samuel Rowe, Am. (4) June, 1899; (13) July 

What Light Railway? Arthur Cadlick Pain. (12) June9. 

Mountain Railways. Charles Assheton Whately Pownall. (11) June (12) June 

Earth Slips. Robert Elliott Cooper. (11) June 28. 

The Transport Minerals. Charles Neuville Forman. (11) June 23. 

The Transportation Minerals Rail. (11) June 

Through Common Roads and Street Railways. (13) June 15. 

Some Principles Governing the Proper Distribution Locomotives Economical Rail- 
way Operation. Herr. (25) June, 1899. 

Economics Freight Locomotive Operation. (25) June, 1890. 

The Function Railroad Testing Laboratory. Samuel Stockton Voorhees. (1) June, 
1899; (15) August 

Building the Niagara Gorge Railway. George Ricker. (2) July, 1899. 

The Problem Elevated and Suburban Electric Railway Transportation. Frank 
Sprague. (17) July, 1899; (15) July 

Motor Power Tramways. Parker. (11) June (12) June, 

Interesting Piece Railway Location (India). (18) May 20. 

Right Way, Grades and Grade Crossings Electric Railways. (13) May 18. 

Peculiar Grade Crossing, Switzerland. (13) June 15. 


Change Gauge the Columbia and Western Railroad (Canadian Pacific Railway Sys- 
tem). (13) July 20. 


The Present Status Electric Welding Rails. (17) June, 1899. 
Relaying Railways. Harry Footner. (11) June 23. 
The Effects Wear Upon Steel Rails. William George Kirkaldy. (63) Part 1899. 


Comparison Cost and Efficiency Various Styles Railway Culverts. Hunter 


Street Railway Track Construction. Burke. (1) April, 1899. 
Track Construction the Cincinnati Street Railway Company. 


(17) July, 1899. 
Steel vs. Wood Tanks. Theodore W.Snow. (4) June, 1899. 
Standard Steel Water Tanks the Atchison, Topeka and Santa Fé. (15) July 21. 
Railway Signaling. Alexander Ross. (11) June (12) June 


Audible Station Signals. (51) May 10. 

Brierley’s Patent Railway Signaling Apparatus. (21) 1899. 
Controlled Manual Block Signals for Single Track. (15) June 
Electro-Pneumatic Signaling Plant, Bethnal Green. 


June 
Block nterlocking the Chicago, St. Paul, Minneapolis and Omaha Rail- 
way. (13 


25. 
Automatic Block System for Single-Track Electric Railways. (13) 25. 
Junction, Chicago, Milwaukee and St. Paul Railway. (13) 
13. 
Bridge Signals Rugby, London and Northwestern Railway. (21) May, 1899. 
The Advantages Disadvantages Uniting the Lock and Block Signaling Appliances 
Railways. Alexander Ross. (21) July, 1899. 
The Wootten Boiler. (18) 
Locomotive Boilers—Some Points. (15) June 
The Determination the Friction Losses Locomotives. (15) June 
Locating the Cut-Off and Other Events Locomotive Indicator Cards. Robert- 
son. June 30. 
Best Method Applying Stay Bolts Locomotive Boilers. (13) June 29. 
Recent Practice Purifying Feed Water for Locomotives. (13) June 
The Allen Valve for Locomotives. Quereau. (20) May 25; (13) 
Adjustable Valve Model. (18) July 15. 
Piston Valves for Locomotives. F.M. Whyte. (25) June, 1899. 
Working Strength Materials—Boilers. Cole. (25) 


Notes the Effect Ports and Valve Gears the Performance High-Speed Loco- 
motives. (25: June, 1899. 

English and American Locomotive Building. Charles Rous-Marten. (9) July, 1899. 

Geared Locomotives the United States. (12) May 19. 

Notes Hot Main Pins. Quereau. (51) May 25. 

Smokeless Firing the Cincinnati, New Orleans and Texas Pacific. (15) July 21. 

Compound Locomotives. Francis William Webb. (11) June (12) June 

Player’s Compound Locomotives. (25) June, 

Double-Ported Valve for Compound Locomotives. (40) June 30. 

The Drifting Two-Cylinder Compounds. (15) June 


Vauclain Compound vs. Simple Locomotive with Piston Valves. (25) August, 1899. 
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Railroad—(Continued). 
Type (of Locomotive) and the Wide Firebox. Snowden Bell. (25) 
une, 1899. 

Atlantic Type Locomotive, Pennsylvania Railroad. (15) July 

Atlantic Type Locomotives for the Erie. (15) July 21. 

Locomotives for the Denver and Rio Grande Railroad. (15) July 

uly 29. 

Schenectady Passenger Engines for the New York Central. (15) August 
(25) August, 1899. 

Fast Passenger Locomotives the Chicago and Northwestern Railway. (15) May 26: 
(25) June, 1899; (40) June (18) June 

Recent Schenectady Locomotives. (40) 

Heavy Passenger Locomotive for the Vandalia Line. (18) May 20. 

The Burlington’s Largest Passenger Locomotives. (40) May 12. 

New Passenger Locomotives the and Western Railway. (15) August 

Heavy Freight Locomotives for the Lehigh Valley Railroad. (13) July 27. 

60- Geared Locomotive; McCloud River Railroad, Northern California. (13) 

uly 

Freight Locomotives for the Lake Shore and Michigan Southern. (15) May 19. 

New York Central Moguls 1889 and 1899. (15) June 30. 

Schenectady Consolidation Locomotives for the Delaware and Hudson. (15) July 28; 
(25) August, 1899. 

Standard Corsolidation Freight Locomotives, Pennsylvania Classes and 
H6. (25) June, 1899. 

Express Passenger Oil-Burning Engine: Great Eastern July, 1899. 

uly 


Six-Wheels Coupled Engine, Furness Railway. (12) 
Six-Coupled Express Engines for Northeastern Railway. (12) 


Passenger Locomotive for the London and Southwestern Railway. (11) 
une 16. 


Stockton and Darlington Railway Engines. (21) May, 1899. 

Locomotive for the Lancashire and Yorkshire. Pearson Pattinson. 
a May 19. 

Side Tank Passenger Engine, London and Northwestern Railway. (12) May 19. 

American Locomotives for Foreign Railways. June 15. 

Tank Locomotive, Pretoria and Pietersburg Railway. (12) 


The Automatic Freight-Car Coupler the United States. H.G. Prout, Am. 
(10) June, 1899. 


Laycock’s Automatic Railway Coupling. (11) May 19. 

Solid Wrought Forged Axle Box Frames vs. Riveted Patchwork Truck Frames. John 
Brill. (17) August, 1899. 

Air Brakes European Street Railways. (17) June, 1899. 

Solid Brake Beams. Angier. (15) June 

Metal Plating for Passenger Coach. (18) July 22. 

The Rolling Stock the Great Central Railway. (11) July 14. 

Group Instruction Cars. (40) May 12. 

Composite and Third-Class Carriages, Eastern Bengal State Railway. (21) 

ay, 

Narrow Gauge Carriages, Eastern Bengal State Railway. (21) July, 1899. 

South-Eastern, and London, Chatham and Dover Railways. (12) 
June 

Bogie Mineral Wagons, tons Capacity, Caledonian Railway. (21) July, 1899. 

Oil Sprinkling Car, Boston and Maine Railway. (18) July 

Canda 100 000-Pound Capacity Cars. (15) June 


Norfolk and Western Railway 100 000-Pound Hopper Car. (18) June 10; (15) July 28; 
(25) June. 1899. 


Steel Frame Hopper Cars. (40) June 

Insulated Meat Van; North-Eastern Railway. (21) June, 1899. 

Car-Wheel Construction. Edward Grafstrom. (25) June, 1899. 

The Manufacture Car Wheels. Henderson. (17) June, 1899. 

The Heating Car Wheels and Its Relation the Heat Test. (15) 
Lighting Railway Trains Great Britain. (10) June, 1899. 


Electric Railway Trains. W.E. Langdon. (21) May, 1899. 
Electric Locomotive Design. (11) May 26. 


The Diatto System Electric Traction. (12) May 26. 
Electro-Magnetic Traction System. (17) June, 1899. 


Electricity Upon Railway Locomotion. Thwaite. (9) June, 
vo. 


The Electric Railways Budapest. Alfred Dubsky. (10) June, 1899. 
Electric Locomotives Practice and Tractive Resistance Tunnels. (17) June, 1899. 
The Electric Railway System Milwaukee and Eastern Wisconsin. (17) June, 1899. 


Three-Phase Transmission for Service Near Philadelphia. (17) June, 1899. 
Speed Tests the Cleveland-Lorain Railway. (17) June, 1899. 


Edison Electric Railways 1880 and 1882. Edwin Hammer. (27) June 10. 
Mechanical Traction Electricity. Granville Cunningham. June 16. 
The Hull Electrical Tramways. (26) July 

The Dudley and Stourbridge Electric Tramways. (26) July 28. 

High Speed Electric Railway Between Dusseldorf and Krefeld. (17) August, 1899. 
The Berlin Combined Trolley and Conduit Electric Railway. (13) August 
Compressed Air Motors New York. (17) June, 
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Railroad—(Continued). 


Labor-Saving Devices Cincinnati Street Railway Repair Shops. (17) June, 1899. 


tion. Jules Michel. (38) May 


Nouvelle Gare Terminus Compagnie d’Orléans. (33) June 10. 

Metropolitain Paris. Leugny. (36) June 10. 

Prolongement Ligne d’Orléans dans Paris. Emile Dieudonne. (36) June 25. 

Les Travaux d’Agrandissement Gare Leugny. (36) July 10. 

Note sur les Nouvelles Lignes Compagnie des Chemins Fer dans 
Paris dans Banlieue. (38) June, 1899. 

Application sur Réseau Nord des Serrures d’Enclenchement System Bouré. 
Montier. (38) June, 

Triphasés dans les Tramways Electriques. Louis Michel. (38) 

une, 

Application Traction Méchanique moyen d’Accumulateurs Electriques aux 

Louvre Vincennes Compagnie des Omnibus Paris. (38) July, 


Freinage des Trains Marchandises. (36) 
sur Rails. Tramways Serpollet Systéme Walker.” (36) 
uly 


Applications Traction Electrique sur Compagnie Paris-Lyon- 
Méditerranée. (33) Jul 


22. 
Note sur les Appareils Electrique usage Compagnie Paris- 
Lyon-Méditerranée. Bouvier. (38) May 


Sanitary. 


Sewers Laid under Aqueducts Newton, Mass. Henry Woods, Am. Soc. 
(1) May, 1899. 


The Sewerage London, England. (14) June 

The Shone Sewerage System Karachi. (14) May 27. 
Tail Race the Chicago Drainage Canal (13) 
Twin Tide Gate for the Swanson Canal Outlet. Philadelphia, Pa. (13) July 20. 
The Relation Manufacturing Wastes the Sewerage Problem. (13) 25. 
Sewage Disposal Glasgow. James Fuertes, (14) May 20. 


and the Chemical Treatment Sewage. Leonard Kinnicutt. (13) 
May il. 


Notes the BerlinSewage Farms. (14) June 10. 

Sewage Sludge Disposal Natural Agencies. Woodhead. (11) June 16. 

Sewage Disposal Brockton, Mass. (14) July 

Septic Tank Sewerage Works Barhead. (12) July 14. 

Sewage Distributing Tank and Automatic Dosing Apparatus for Marion, Ind. 
Barbour. (13) July 13. 

English Experience with Garbage Fuel for Light Stations. (13) July 

Refuse Disposal New York 1898. (14) June 10. 

The Purification the Thames, England. (14) June 17. 

State Drainage Work the Red River Valley, Minnesota. (13) June 15. 

The Toilet Conveniences Model Foundry. (13) July 27. 

The Ventilation Tunnels and Buildings. Francis Fox. (63) Part II, 1899. 

The Disinfecting Station Genoa. James Fuertes, (14) July 22. 

The Sanitary Condition and Requirements Sherman Gould, Am. 

Les Bains-Douches Bon Marché Rouen Paris, (33) May 

Etat Actuel Paris. (33) July 22. 


Structural. 


Chemical Tests Cement. John Wixford and Bent Russell, Am. Soc. 
(1) June, 1899. 


Determine the Effect Freezing Concrete. Walter Rogers. (4) 
une 

The Utilization Trass mixed with Cement Germany. (13) July 27. 

The Utilization Volcanic Products; Basalt, Lava Stone and Trass. May 26. 


Some Features the Structural Design Buildings. William Burr, Am. Soc. 
(3) June, 


Mechanical Influence Architecture. Percy. (1) April, 1899. 

Effect Different Speeds and Radii Curves upon the Inclination Bicycle Tracks. 
John Quade. (4) April, 1899. 

Wind Pressure Buildings and other Structures. (24) May 29. 

The Dynamics Framed Structures. Reisner. (49) VII-IX. 

Groined Steel Arches. (14) 

Novel Design for Steel Bin for the Storage Coal, Grain, 
Berquist. (13) July 27. 

The Building Walls, order Improve the (51) 

uly 15. 
New Features Fireproofing. 14) July 
Fireproof Floor Construction California. Percy. (14) June 17. 


Enclosed Spiral Fire Escape. (14) June 10. 


Construction the British Fire Prevention Committee. (13) 
une 


Water Curtains for the Fire Protection the Chicago Public Library. (13) 
New House the Danish Society Engineers. (55) April 22. 
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The New Home the Institution Mechanical Engineers, (12) May 12. 

The Design the Public Schools London. (14) July 22. 

The Kansas City Convention Hall. (14) 22. 

The New Free Public Library, Jersey (14) May 20. 

Glasgow International Exhibition, May 

Remodeling the Grand Central Station, New York. (14) June 17. 

Raising and Moving Large Buildings. (13) 

Moving Great Steel Arch. uly 20. 

The Jersey City Trainshed. (14) August 

Practical Ice Storage House. Kauser. July 

Cantilever Foundations English Building. (14) 

Steel Tank Grain Elevator the Chicago and Western Indiana Railway. July 15. 

Plant the Maryland Cement Company, Sparrows Point, Md. Frederick Lewis, 
Am. (14) July 15. 

The New Building the Weston Electrical Instrument Company. (20) July 

Two Noteworthy New York Stables. (14) 15. 

The Strawbridge Stable, Germantown, Philadelphia, Pa. (14) May 27. 

Veterinary Stable, Cornell University, (14) 

The Equipment Tall Office Buildings New York City. (14) May 13. 

The Power Plant Columbia University. (14) May 13. 

Some Engineering Features Philadelphia Residence. (14) 

The Mechanical Plant the Park Row Building, New York. (14) 

The Distribution Steam Dartmouth College. (14) uly 

Gravity Steam Heating Apparatus ina Church. (14) 

Heating with Steam Below Atmospheric Pressure. (14) July 29. 

Hospital Central Heating Plant. (14) July 22. 

The Heating Plant the University Wisconsin. (14) May 138. 

Engineering Features the Alexian Brothers Hospital, Chicago. (13) July 20. 

The New York Athletic Club’s Swimming Bath. (14) May 20. 

Plumbing the New York Athletic Club House. (14) July 29. 

Ventilation and Heating New York School. (14) May 27. 

The Ventilation Newark Jail. (14) 

Glue Testing. Rideal. (19) July 22. 

Manganese the Acid Martin Process. June 15. 

1900. Ch. Dantin. (33) May 

Evolutions des Constructions Ciment Armé. (36) June 10. 

Nouvelle Gare Tours. (33) June 

Théorie Applications Nouvelles Ciment Armé. Horel (43) First 
trimestre, 1899. 

Constructions Diverses pour Determines Poussée des Terres sur Mur Souténe- 
ment. (43) First trimestre, 1899. 

ain. (33) May 13. 
Petites Maisons d’Habitation (Seine). (35) May, 1899. 
Métal Déployé (36) May25. 


Topographical. 

Surveys Tropical Forests. (14) 

The Application the Railroad Spiral Race Tracks. William Raymond, Am. 
Soc.C.E (13) June 15. 

Relief Map Construction. Frank White. (13) July 13. 

Geodetic Work Spitzbergen. Prof. Gore. (19) August 

Geodetic Observations the United States. (19) July 15. 

Geology the Wachusett Dam and Wachusett Aqueduct Tunnel the Metropolitan 
Water-Works the Vicinity Clinton, Mass. (7) June, 1829. 

The Geodetic Observatory Middlesex Fells. George Hosmer. (7) June, 1899- 

Water Supplye 


The Colton Index Hydraulics. (14) June 17. 

The New Masonry Dam Holyoke, Mass. (14) July 22. 

The Crib Dam for the Butte City Water Company. Eugene Carroll. 
April, 

The 


ndian River Dam. George Rafter, Am, Wallace Greenalch, Jun. 
Am. Soc, E., and Robert Horton. (13) May 18. 


Walls Inspection Chamber the Charonne Reservoir, Paris. 


Lesson Water-Works Management. (14) June 17. 

Preventing Tastes the Syracuse Water Supply. (14) May 20. 

Consideration the Rate per Head per Day Supply Different Towns, and the 
which Increase Diminish Particular Instances. James Watson. (11) 

une 16. 

The Use Filtered Flood Water. Mathew Wilson Hervey. (11) June 16. 

Preventing Water Waste Newark, (14) July 15. 

Water Consumption and Waste Great Britain. July 15. 


The Estimation Suspended Matters Water. August 
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Rapid Methods for the Estimation the Weight Suspended Matters Turbid 
Waters. Charles Parmelee and Joseph Elims. (7) June, 1899. 

The Water-Works Columbus, Ohio. (14) June 

The Washington Aqueduct, 1853-1898. William Hutton, (14) July 29. 

Compton Hill Water Tower, St. Louis. (14) August 

The New Water System Rockford, (13) July 13. 

London Water Supply. (12) 19. 

Some Difficulties Obtaining Water Supply, Birmingham, Ala. (14) May 27. 

Large Artesian Well Plant Camden, May 11. 

Water-Works for the City Bergish-Gladbach. Ehlert. (48) June 17. 

The New Water-Works Dresden. Vocherot. (48) 

Diagram for Flow Water Clean Cast-Iron Pipes Under Pressure. (13) 


uly 

Hawks, Jun. Am. (13) July 

The Manufacture and Inspection Cast-Iron Pipes. Thomas Wiggin. (1) May, 1899. 

Some Notable Australian Steel Pipe Lines. (13) June 29. 

Experiments Various Forms Fire Hydrants. (13) May 11. 

Notes Suction Pipes. (14) May 13. 

The Joints Riveted Water Pipe. (14) June 10. 

Thawing Frozen Water Pipes Electricity. (14) May 20. 

Water Pipe with Scrapers St. John, B., and Boston, Mass. 

uly 20. 

Street Mains. (14) July 22. 

Scraping Water Mains, Boston, Mass. (14) June 17. 

The Results the Meter System Richmond, Va. (14) 

The Present Status Water Filtration. (14) May 27. 

New Coagulant for Mechanical Filters. (14) May 27. 

The Operation Water Filters Germany. (14) June 10. 

Test Mechanical Filter, East Providence, (14) July 

Test Mechanical Filter East Providence, Edmund Weston, Am. Soc. 
C.E. (13) July 

The Utilization the Water Powers Italy. Enrico Bignami. (9) August, 1899. 

The Water Power Development Chambly. Charles Haas. June 

Development the Montmorency Falls. Archibald. (27) June 17. 

Development Porto Rico. (9) July, 


Turbine Installation Strensham Mills, England. (11) June 

The Hydraulic Features the Chambly Water Power. (14) June 17. 

Driven Water Power, Charles Hague, Am. (13) 


Water Company’s Hydraulic Plant Little Falls. (14) July (13) 
ugust 


Elements Design Favorable Speed Regulation Plants Driven Water Power. 
Allan Garratt. (13) July 27; (24) August 

Note sur les conditions Resistance des Barrages Réservoirs 
Barbet. (43) First trimestre, 1899. 

Waterways. 


The Design Breakwaters. John Watt Sandeman. (11) June 16. 


the Effects Waves Breakwaters Different Depths Water. William 
Shield. (11) June 16. 


The Delaware Breakwater. (14) July 
Westport Harbor, Wave-Basin. Thomas Harold Rawson. (63) Part II, 1899., 
The Brussels International Navigation 1898; the Bruges Ship-Canal; and 


New Works Ostend and Antwerp. Francis Vernon-Harcourt. (63) 
Part 1899. 


Canalization the River Fulda from Cassel Miinden. Volkmann and 


Sand Pump Dredges. Anthony George Lyster. 
eakening ough Ice Pressure. 


Canal Marseille Rhone. May 25. 

Note sur Pont-Riviére D’Oudan. Mazoyer. (43) First trimestre, 1899. 

Construction Port d’Escale Zeebrugge; Note sur les Chantiers 
MM. Coiseau Cousin. Ch. Piens. (30) June, 1899. 


The Panama Canal, According the latest Plans (53) June 30. 
Floods the Brisbane River; and System Predicting their Heights and Times. 
Cyrus John Richard Williams. (63) Part 1899. 
The System Lifting Ships, without Locks Sluices. 
The Operation the Locks the Elbe-Trave Canal. (48) May 27. 
The Great Canal Lock Henrichenburg. (19) July 
James Rickey. (13) May 11. 
Failure Minneapolis Dam Ice Pressure. (14) May 18. 
The Ochoa Dam. (14) May 13. 
Partial Failure the Timber Crib Dam the Montana Power Company near Butte, 
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otherwise specified, books this list have been donated the Library 
the Publisher. 


ELEMENTARY AND PRACTICAL TREATISE BRIDGE BUILDING. 


Whipple. Cloth, ins., 352 pp., illus. New York, 
Van Nostrand Company. $4.00. 
the second edition this work. treats essentially the 


same general plans, combinations and proportions for bridge work were discussed 
its predecessor. 


PONTIBUS. 


Am. Morocco, flap, ins., 403 pp., illus. New York, 
John Wiley Sons, 1899. $3.00. (Donated the Author.) 


The author has endeavored this work treat essentially the fundamental 
bridge-designing and their application, and has drawn almost entirely 
upon his own professional practice for examples illustrate the text. Three chapters 
are devoted designing, eight various classes bridges, trestles and viaducts and 
elevated railroads, five specifications and one each detailing, the compromise 
standard system live loads for railway bridges and equivalents for the same, timber 
trestles, inspection materials and workmanship, designing piers, triangulation 
and office practice. There are ten plates curves and diagrams, eighteen tables and 
index thirty-one pages. 


TABLES MOMENTS INERTIA 


And Squares Radii Gyration; Supplemented Others the 
Ultimate and Safe Strength Wrought Iron Columns, Safe Strength 
Timber Beams and Constants for Readily Obtaining the Shearing 
Stresses, Reactions and Bending Moments Swing Bridges. 
Frank Osborn, Am. Fourth Edition. Morocco, 6x4 
ins., 175 pp. New York, Engineering News Publishing Company, 1894. 
$3.00. (Donated the 


The aim the author has been supply felt engineers and draftsmen 
engaged structural work iron and steel. this edition, tables for facilitating the 
computation stresses swing bridges have been added. 


ELECTRICITY AMERICA. 


L’Electricité Amérique. Notes Voyage sur Développement 
des Applications aux Etats-Unis Canada. Par 
Marcel Delmas. Paper, ins., pp.,illus. Paris, Publications 
Journal Génie Civil. (Donated the Author.) 


This pamphlet reprint from the contribution Génie Civil his 
observations the development the electric industries North America. The sub- 
ject considered under the headings: Electric traction metropolitan lines and 
tramways and railways; electric lighting; workshops construction; transmission 
electro-chemistry; accumulators; some applications; electrical instruction; 
conclusion. 


TEMPERATURE COEFFICIENTS CONDUCTIVITY COPPER. 


Clark, Forde Taylor. 8x5 ins., pp. London, 
Waterlow Sons, Limited. 1899. 


This pamphlet the result series observations the potentiometer method 
six samples copper wire five six different temperatures. The formula 
deduced accompanied diagram and three tables facilitate its use. 
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MECHANICS. 


The Elementary Principles Mechanics. Jay Bois. 
Cloth, ins., Vols. New York, John Wiley Sons, 1894-95. 
$11.00. (Donated the Author and the Publishers.) 


The author designs this text book for technical schools. Articles for advanced 
students are small type. Articles containing applications the calculus are enclosed 
brackets. The matter large type itself constitutes abridged course. The 
contents are: Volume Kinematics; Volume Statics; Volume Kinetics. Each 
volume furnished with index. 


HANDBOOK ENGINE TRIALS 


And the Indicator and Prony Brake; for Technical 
Schools. Thurston, Fourth and Revised Edition. Cloth, 


604 pp., illus. New York, John Wiley Sons, 1897. 
$5.00. (Donated the Author.) 


The author endeavors present those methods trial heat-engines which 
have become standard; exhibit the processes their application; describe the 
best form apparatus used date conducting them, and securing the data 
sought; illustrate their use and their various capabilities; and present examples 
the reports made distinguished engineers work this character. 


TABLES FROM THURSTON’S STEAM-ENGINE MANUAL. 


Handy Tables, from Thurston’s Steam-Engine Manual, for Use 
Laboratory Computations Technical Schools; Numerical Trigono- 
metrical and Thermodynamic Quantities, Steam and 
Tables, and Record-Forms for Laboratory Use. Thurston. 


Cloth, pp. New York, John Wiley Sons, 1891. $1.50. 
(Donated the Author.) 


The contents are: Numerical Constants, Circles, Areas, Logarithms, Common 
and Natural: Mean Pressure Ratios; Terminal Pressures; Heat Transfer and Trans- 
formation; Comparison Thermometers; Volumes Water; Densities; Metric Steam 
Table; Metric Steam and Work Table; Steam Table, British Units; Stored Energy Steam 
and Water; Formulas for Properties Steam: Factors Evaporation; Composition 
Fuels; Horse-Power Constants; Real Ratios Expansion; Logs and Forms for Blanks; 
Electrical Horse-Power; Water Computation Tables; Hirn’s Analysis Blanks; Heat and 
Power Utilization, Non-condensing Engine. 


LES MOTEURS LEGERS 


Applicables aux Cycles Automobiles, Navigation 
335 pp., illus. Paris, Bernard Cie. 


This book light motors has for its object the presentation résumé all that 
has been proposed inventors and accomplished mechanics order show 
limited space the value and importance the several forms motor mechanism and 
the various power generators used therewith. Steam, petroleum and electricity 
motive powers are presented turn. The chapter headings are: Les Générateurs 
Vapeur; Les Nouveaux Moteurs Vapeur Pistons; Machines Vapeur Rotatives 
Turbo-Moteurs; Moteurs Gaz, Pétrole Benzine; Les Carburateurs; Les Moteurs 
Industriels; Les Moteurs d’Automobiles; Les Petits Moteurs Essence 
Pétrole pour Motocycles; Les Moteurs Rotatifs Pétrole; Les Générateurs 
Les Moteurs Electriques: Moteurs Divers. There appendix eleven pages 
various tables capacities and index seven pages. 


MOTIVE POWER HEAT. 


Reflections the Motive Power Heat, from the Original French 
Sir William Thomson (Lord Kelvin). Edited Thurston. 
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Second, Revised, Edition. Cloth, 262 pp. New York, John 
Wiley Sons, 1897. $2.00. (Donated the Editor.) 


The preface states that the present translation Carnot’s work published only 
matter limited but most intense scientific interest, the work itself has been long 
out scientific authority. The purpose make accessible all who 
desire study English, and preserve permanent memorial the founder 
thermodynamics. The contents are: The Work Sadi Carnot, the Editor; 
The Life Sadi Carnot, Carnot: Reflections the Motive Power Heat 
and Machines Fitted Develop that Power, Sadi Carnot; Account Car- 
not’s Theory, Sir William Thomson (Lord Kelvin); from Un- 
published Writings Carnot; Carnot’s Foot-Notes, Note the Editor. 


ENERGY AND HEAT. 


Supplement Energy and Heat. The Thermometric Scale. Com- 
bustion—A Theory. John Roger. Paper, ins., pp., one 
diagram. New York, Spon Chamberlain. cents. 


This pamphlet comprises two studies; one suggests thermometric scale which will 
each degree indicate the same amount heat body uniform volume and the 
other presents theoretical consideration the phenomena heat. 


WASTE ENERGY FRICTION. 


Treatise Friction and Lost Work Machinery and Millwork, 
Robert Thurston. Sixth Edition. Cloth, 380 pp., 
illus. New York, John Wiley Sons, 1898. $3.00. (Donated the 
Author.) 


The work the result investigations exhibiting concisely the princi- 
involved the transmission power and the performance work, and the 
waste power friction. The last chapter, which treats the real value lubri- 
cants, contains development principles given earlier work but here worked 
out into consistent algebraic theory; with illustrations its practical application. 
The contents are: Theory Action and Its Efficiency; Nature Laws, and 
Theory Friction; Lubricants; Lubrication—Apparatus; Chemical and Physical Tests 
Oils; Experiments Friction—Testing Machines; Lubricated Surfaces—Coefficients 
Friction—Modifying Conditions; The Finance Lost Work Friction. 


TEXT BOOK ROADS AND PAVEMENTS. 


pp., illus. New York, John Wiley Sons. $2.00. 


The aim the author this book give brief discussion, from engineering 
standpoint, the principles involved highway work, and outline the more import- 
ant systems construction, with view forming text which may serve basis 
for study the subject. The chapter headings are: General Considera- 
tions; Drainage Streets and Roads; Location Country Roads; Improvement 
Country Roads; Broken-Stone Roads; Foundations for Pavements; Brick Pavements; 
Asphalt Pavements; Wood Pavements; Stone-Block Pavements; City Streets. 


VITRIFIED BRICK FOR STREET PAVEMENTS, 


Description its Manufacture and Some Notes its Use. 
Frederic Kummer, Jun. Am. Soc. Cloth, 8x5 in, pp. 
Catskill, Y., 1899. (Donated the Author.) 


presenting this work, the author desires point out concisely and clearly the 
advantages brick street paving material. The contents are: Composition 
Paving Brick; Paving Materials; The Selection Paving Brick; Laying the Brick—The 
Foundations, The Joints; Specifications for Laying Brick. 


— 
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THE ELEMENTS RAILROADING. 


Charles Paine. Cloth, ins., 154 pp. New York. The 
Railroad Gazette. $1.00. (Donated the Author.) 


This series short essays reprinted from The Railroad dealing with 
various branches the subject from the organization the engineering party for the 
survey new road the the finished line and the selection and discipline 
employees. Chapter headings are: Surveying and Construction; Real Estate and 
Records; Drainage; Main Track; Trackmen and Sidings: Stations; Shops and Engine 
Houses; Telegraph Lines and Fences; Locomotives; Cars; The Movement Freight; The 
Movement Passengers; Employees. 


THE RAILWAY TRANSITION SPIRAL. 


illus. Published the Author. University Champaign 
Urbana, 


This article was originally published The Technograph for 1890-91. The adoption 
the method described many railroads and the demands for the original issue, now 
out print, led this republication with modifications and extensions. aimed 
treat the principles involved that knowledge the demonstrations the formulas 
not essential their comprehension, and the methods used laying out the spiral are 
mastered instrument men without difficulty. There are pages 

es. 


RAILWAY TRACK AND TRACK WORK. 


ins., 400 pp., New York, The Engineering News Publishing 
Company. $3.00. (Donated the Author.) 


This book intended treat the subjects Track and Track Work, into which two 
parts divided, ina comprehensive manner. includes not only systems every- 
where applicable and the general underlying track work, but also numerous 
details material, appliances and work and varying methods practice, intended 
fully standards different roads all parts the country. The 
various subjects are treated, not only descriptive, but also critical, manner. 
There are chapters, over 200 illustrations, appendixes giving tables standard track 


construction railways and train speeds and distances run, and index four 
pages. 


EARTHWORK MEASUREMENT. 


Diagrams for the Graphic Earthwork Quantities. 
Alfred Henry Roberts, Leather board case, flaps, 


ins., pp., cardboard diagram plates. London, Robt. Cook 
Hammond. (Donated the Author.) 


These diagrams have been prepared with the object enabling engineers, con- 
tractors and others arrive fairly accurate estimates earthwork quantities: (1) 
When cross-sections are available, or, (2) When desirable obtain quantities 
rapidly without the slow process taking out the area each cross-section and 
multiplying out each item. the ten diagram plates three are applicable level 
cuttings depths varying from feet and seven sidelong ground for widths 
varying from 15to feet. The diagrams are intended suitable not only for rail- 
way cuttings, but for any straightforward excavation, such canals, stream 
diversions, pipe trenches, railway docks, etc. 


THE SEWERAGE ENGINEER’S NOTE BOOK. 


Being Standard Notes Sewer Formulas and Sewerage Calcula- 


inches. 140 pp., illus. London, The St. Bride’s Press, Limited. 
shillings and pence. 


the notes and data originally collected and compiled the author for his own 
use other tables and diagrams have been added. The publication intended 
handy book for the sewerage engineer, the assistant and student. five parts, 
each followed blank pages for memoranda the reader, and most the tables are 
grouped the appendix, which occupies pages. 
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EXAMINATIONS SANITARY SCIENCE. 


Ernest Matthews. Boards, inches. pp., illus, 
London, The St. Bride’s Press, Limited. pence. 

These are questions set the examinations the Sanitary Institute, the Surveyors’ 
Institution, the Incorporated Institution Municipal and County Engineers, etc., with 


numerous conditions and suggestive answers, and are intended service chiefly 
students who are preparing for such examinations. 


HOUSE DRAINAGE: 


Its Inspection and Testing. Richard Jenkins. Boards, 

ins., pp., illus. London, The St. Bride’s Press, Limited. 
shilling. 

this book the author has endeavored point out concise form the most im- 


portant principles the construction drains, and describe the various methods 


Appendixes treat the size, inclination, ventilation and planning house 
rains. 


FLOW SEWAGE. 


John Dalton. Card board, 44ins.,4 pp. London, The 
St. Bride’s Press, Limited. pence. 


this card there reprinted, from The Surveyor and Municipal and County Engi- 
neer, formulas for circular and egg-shaped sewers, together with tabular numbers and 
their logarithms for sewers both forms running from one-quarter full full, and also 
the fifth powers and logarithms 


CIRCULAR SEWER DISCHARGES. 


Table Discharge from Circular Sewers when Running Full, 
Cubic Feet per Minute. Municipal Engineer. Boards, 
pp. London, The St. Bride’s Press, Limited. 


This little pocket-book has been compiled aid municipal engineer preparing 
sewerage schemes and estimating the efficiency existing sewers. Besides giving the 
size and inclination sewer necessary take given amount sewage per minute, 
indicates the least fall which may safely given sewer certain size induce 
self-cleansing velocity flow, omitting all figures below that limit. 


SEWAGE DISPOSAL. 


Description Various Sewage Disposal Works. Report prepared 
pp., illus. London, The St. Bride’s Press, Limited. shilling. 


This the substance report made the Oswestry Town Council upon repre- 
sentative sewage works. The systems described embrace discharge into the 
sea tidal river, land irrigation with crude sewage and with crude sewage after 
partial separation the sludge, chemical clarification and land irrigation, chemical 
clarification and artificial filters, electrical treatment, biological treatment and the 
septic tank system. Tables cost, efficiency and expense operations are appended 
some cases. 


SEWAGE DISPOSAL. 


Discussion the Prevailing Theories and Practices Relating 
Sewage Disposal. Wynkoop Kiersted, Am. Soc. Cloth, 


182 pp. New York, John Wiley Sons. $1.25. (Donated 
the Author.) 


Nature, says the author his ives conclusive evidence the existence 
natural process purification polluted waters, such character that can 
utilized the purification sewage. The author’s aim this book set forth this 
natural process purification, which with the present methods and drainage 
must become the foundation any successful method sewage disposal, and treat 
the various considerations embraced questions sewage disposal simple and 
practical manner. There index eight pages. 
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CHIMNEY DESIGN AND THEORY. 


Book for Engineers and Architects. William Wallace 


Christie. Cloth, ins., 164 pp., illus. New York, Van Nostrand 
Company. $3.00. 


This work intended present the latest practice regard the theory and 


designing chimneys built the United States. The contents are: Introduction 


and History; Theory Chimney Draft; Chimney Formulas; Chimney Tables, Wind- 
Pressure, Air-Space Grates; Foundation Brick Chimney Materials; Steel 
Chimneys—Theory pertaining same, and Examples from Existing Structures; Brick 
Chimneys—Theory pertaining same, and Examples from Existing Structures; Chim- 


ney Performances—Special Straightening Chimneys—Flues; House Chimneys; 
Lightning Protection; General Information. 


THE HOUSING THE LABORING CLASSES 


And Back-to-Back Houses. Percy Boulnois, Inst. E., 
City Engineer Liverpool. Boards, inches, pp., illus. 
London, The St. Bride’s Press, Limited. shilling. 


This book endeavors show what has been done meet the want suitable 
housing for the very poor laboring classes large cities, and give some sugges- 
tions the description house which required. The illustrations include sketch 


dwellings English and continental cities well suggested arrangements 
such premises. 


PARTY STRUCTURES. 


London Building Act, 1894. VIII. Sydney Perks. 


Boards, inches. pp., illus. London, The St. Bride’s 
Press, Limited. shilling. 


This work, which intended use architects and surveyors, confined 


consideration the out 218 sections the London Building Act which have 
reference party walls. 


THE TOPOGRAPHER, 


His Instruments and Methods; Designed for the Use Students, 
Amateur Topographers, Surveyors, Engineers, and All Persons Inter- 
ested the Location and Construction Works based upon Topog- 


247 pp., illus. Philadelphia, Henry Carey Baird Co., 1883. $4.00. 
(Donated the Author.) 


has been the aim prepare compact manual practical value the 
topographer, freed from all information readily obtainable from ordinary sources, 
and containing, condensed form, complete course for the guidance the amateur. 
The contents are: What and How Observe; The Instrumental Outfit; Scales Maps; 
Forms Record; Graphical Representations; Reconnaissance, Linear; Instruments and 
Methods; Determining True Meridian; Leveling; Surveying and Filling In; 
Submerged Topography; Computations; Modeling; Field Sketching 

pplications. 


ENGINEERS’ SURVEYING INSTRUMENTS. 


Their Construction, Adjustment and Use. Ira Baker, 
Am. Second Edition, Revised and Enlarged. New 


York, John Wiley Sons, 1897. $3.00. (Donated the Author and 
the Publishers. 


The object this volume acquaint the the construction, adjust- 
ment and use surveying instruments. not intended treatise surveying. 
The contents are: Chain and Tape; Tripod, Leveling Screws, and Plumb-Bob; Magnetic 
Compass; Solar Compass; Verniers; Optical Parts the Telescope; The Transit; Solar 
Transit; Plane Table; Telemeters; Spirit Levels; Barometers. 
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HYDRAULIC ENGINEERING. 


Practical Treatise Hydraulic and Water-Supply Engineering 
Relating the Hydrology, Hydrodynamics and Practical Construction 
Water-Works North America. Fanning, Am. Soc. 
Fourteenth Edition, revised, enlarged, and new tables and 
illustrations added. Cloth, 644 pp., illus. New York, 
Van Nostrand Company. $5.00. (Donated the Author). 


This book aims water commissioners with general review the best 
methods practiced supplying cities and towns with water, and with facts and sugges- 
tions that will enable them compare intelligently the objectionable features 
the different water sources within their reach; present junior and 
assistant hydraulic engineers condensed summary those elementary theoretical 
and the involved formulas adapted modern practice, which they will 
requently have apply; construct and gather, for the convenience older practi- 
tioners numerous tables and statistics that will facilitate their calculations and 
civil engineers generally concise reference manual the 

ranch their profession. The work intended more especially for those who have 
already had task them, and designedly practical text, illustration and 
arrangement. the later editions some revised and some new tables and formulas 
have been added. There are twenty-six chapters, 150 tables, 245 illustrations, pages 
appendixes engineering data and pages index. 


RETAINING WALLS FOR EARTH. 


Including the Theory Earth-Pressure Developed from the 
Ellipse Stress, with short Treatise Foundations, 
with Examples from Practice. Malverd Howe, Am. Soc. 
Third Edition, Revised and Enlarged. Cloth, ins., 132 pp., 
illus. New York, John Wiley Sons. $1.25. (Donated the 
Author. 


this work attempt has been made present the theory shape easily 
followed those who have only knowledge algebra, geometry 
this edition number examples illustrating profiles retaining walls and types 
foundations selected from existing structures have been included. The treatise 
foundations intended sufficiently complete for the use technical schools, 
supplemented lectures reference descriptions existing structures. The 
book divided into: Theory Earth-Pressure; Formulas for Earth-Pressure; Stability 
Trapezoidal Walls; Formulas for Trapezoidal and Triangular Walls; Foundations for 
Walls Retaining Earth; Examples; Foundations; Foundations Under Water and Deep 
Foundations. There references and pages tables. 


MATERIALS CONSTRUCTION. 


Text-Book the Materials Construction, For Use Technical 
and Engineering Schools. Robert Thurston. Fifth Edition. 
Cloth, 765 pp. New York, John Wiley Sons, 1895. $5.00. 
(Donated the Author.) 


This volume abridgment the larger work the author, Materials Engi- 
intended text-book for use private reading. The essential 
the earlier treatise have been retained. The contents are: Qualities the 

fetals; Iron and Its Ores; Reduction Ores; Production Cast Iron; Manufacture 
Wrought Iron; Manufacture Steel; Chemical and Physical Properties Iron and 
Steel; The Non-Ferrous Metals; The Bronzes; The Brasses; Kalchoids and Miscellaneous 
Alloys; Strength, Elasticity and Ductility Metals; Stones and Cements; Timber; 
Strength and Uses Timber; Miscellaneous Materials. There index pages. 


TESTING PORTLAND CEMENT 


For Smaller Municipal Works. Humphreys, Inst. 


Boards, 44ins., pp. London, The St. Bride’s Press, Lim- 
ited. 


This paper has been republished from The Surveyor and Municipal and County 
Engineer with the hope that may afford practical help young engineers charge 
construction work. diagram average tests two makes English Portland 
cements included folding plate. 
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PRIMER THE CALCULUS. 


Sherman Gould, Am. Soc. Second Edition, Revised 
and Enlarged. ins., 122 pp., folding plates. New 
York, Van Nostrand Company. cents. 


This work. which No. 112 the Van Nostrand Science Series, development 
the infinitesimal calculus far the first differentials algebraic functions one 
variable and their corresponding integrals. has been endeavored 
teach few elementary rules and then put them into immediate use. the second 
edition, number practical applications elementary calculus have been included 
additional chapter. 


TABLES AND DATA. 


For the Use Students Laboratories; also for Class and Home 
pp., illus. Manchester, Eng., The Scientific Publishing Co. 
shillings. 


This collection tables and data for the mechanical engineer was made primarily 
supply want experienced engineering laboratory work, and intended contain 
only that information which would likely use the engineering student. 
The general steam table carried pound increments 300 per square inch. 
The tables and diagrams are supplemented series mathematical notes inserted 
aid filling the gap which fickle memory prone 


METRICAL TABLES FOR ENGINEERS, 


Surveyors, Chemists, Merchants, etc. Frederic Elie Gay. 
Boards, ins., pp. London, The St. Bride’s Press, Limited. 
shillings. 


This compilation was prepared the want concise and portable series 
tables which would transpose into English equivalents the values met with French 
and Continental technical works. There are 192 tables included, them the 
reciprocal basis, and all founded the standards the Weights and Measures Act 
1878. The tabular numbers have been carried some instances twelve decimal places 
order that, when necessary, accurate results may arrived at. 


FRENCH-ENGLISH TECHNICAL DICTIONARY. 


Dictionnaire Technique des Outils Utensiles 
Employés dans les Métiers Manuels, Petite Industrie, Ménage, 
suivi d’un Index Lovendal. Paper, 


This dictionary gives the common names French and English number 
tools used the manual industries and intended include words not found 
technical dictionaries heretofore The definitions are classified under thirty- 
eight heads referring the kind tools the industry which they are used, 
and English index added. 


COMMERCIAL MANAGEMENT 


Engineering Works. Francis Burton. Cloth, ins., 
310 pp. Manchester, Eng., The Scientific Publishing Company. 
shillings pence. 


This treatise designed the youthful engineer the difficulties will 
encounter whenever commercial duties are thrust upon outline measures 
which may assist him, without laying down any absolute rules adhered under 
all circumstances. The organization works and duties officers, purchase and 
inspection material, cost accounts, sales department, estimates, and the works-man- 
ager and dealings with workpeople are all taken turn, and the endeavor has been 
made the suggestions offered allow sufficient elasticity for most establishments 


size and for ordinary engineering undertakings. There index 
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RENSSELAER POLYTECHNIC INSTITUTE. 


Biographical Record the Officers and Graduates the Rensselaer 
Polytechnic Institute, 1824-1886. Edited Henry Nason, Secre- 
tary the Association Graduates, with introduction Benjamin 
Hall. Cloth, 6ins., 614 pp., illus. Troy, William 
Young, 1887. $2.00. (Donated the Institute.) 


This record was authorized the Association Graduates 1873 and the biog- 
raphies cover the historical facts available referring the classes years. The 
book contains historical sketch the Institute, biography the Hon. Stephen Van 
Rensselaer, lists and records officers, trustees, professors and instructors, and records 
graduates. the biographical sketches effort has been made state facts con- 
cisely, without comment. catalogue non-graduates follows the biographical 
records, showing that the Institute has been useful many who did not complete the 
course. There general index ten separate index the catalogue 
non-graduates. 
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MEMBERSHIP. 
ADDITIONS. 
MEMBERS. 
Supt., Track, Bridges and Buildings, St. Louis and San 
WINN 
California Ave., St. Louis, Dec. 1898 
Brown, Linus WEED 
Chf. Eng., National Contracting Co., 713 Hennen Bldg., 
Brown, 
Chf. Eng., Boston Bridge Works, Tenney St., Cam- 
CHURCHILL, JOHN CHARLES, Jr. 
Asst. Engr., Oswego, Oswego Co., Y.......... Feb. 1899 


THomas AMORY 


Jun. Oct. 1894 
West New Brighton, Staten Island, 
Taylor St., West New Brighton, Staten Islan 1899 


Frank, GEORGE WILLIAM 


GILLETTE, SINGER 


Prest., Gillette-Herzog Mfg. Co., Minneapolis, Minn.. June 1899 
GRIFFIN, EUGENE 


Broad St., New York City 


Epwarp 
GEORGE Assoc. Oct. 1893 
Architect, 150 Fifth Ave., New York City... Feb. 1899 


ALBERT JAMES 


Asst. Eng., Board Engrs. Deep 
Waterways, West St., De- 
troit, Mich 


Asst. Eng., Chf. Engr.’s Office, Louisville and Nashville 


Nov. 1895 
June 1899 


R., 1578 Barrett Ave., Louisville, Ky............. June 1899 

Epmunp Dana, Jr. Jun. May 1888 

1103 Grove Ave., Richmond, June 1899 


PERRILLIAT, ARSENE 
Asst. State Engr., Member, State Board 1893 
Engineers, New Orleans, April 1899 
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Date 
Ross, WILLIAM Membership. 
Rust, 
City Engineer, Toronto, Ont., April 1899 
Frank 
Atlantic Mine, Houghton Co., Feb. 1899 
Francis LEE 
Asst. Eng., Nicaragua Canal Comm., 1515 Thirty-first 
Dunn 
Prin. Asst. Eng., Engr’s. Office, 815 Witherspoon 
ASSOCIATE MEMBERS. 
ALBERTSON, CHARLES 
Care The American Trading Co., Con. 
Assoc. Mar. 1899 
cession, Kobe, Japan...... 
City Engr., City Hall, Grand Rapids, June 1899 
Baum, GEORGE 
Supt. Gas Appliances, Consolidated Gas Jun. Jan. 1892 
Co. New York; Res., Orchard St., Assoc. April 1899 
EDWIN JAMES 
Second Asst. Eng. Constr., Y., Jun. June 19, 1891 
Jr. 
Care Worthington, Honolulu, Jun. 
Burns, SUMNER 
406 Postal Telegraph Bldg., Kansas City, Mo.......... Feb. 1899 
LAWRENCE 
THEODORE 
Res. Eng., Pittsburg Testing Laboratory, Ltd., 1750 
Monadnock Block, Chicago, Feb. 1899 
Eastwoop, THOMPSON 
Asst. Eng. Charge Edison Conduit Jun. Mar. 1894 
Construction, Edison Electric Co., Feb. 1899 
Baronne St., New Orleans, La........... 
Forp, Henry Jun. Mar. 1897 
Central Vermont R., St. Albans, Vt..... June 1899 
THomas 
522 West 123d St., New York 
Frep 
Prof. Civ. Eng., Univ. Idaho, Moscow, Idaho.... May 1899 


GREENALCH, WALLACE Jun. 
GREENE, FREDERICK STUART 
Kenney, Epwarp Jun. 
Asst. Eng., Pennsylvania R., Moore, Assoc. 
Mason, GEORGE 
Instructor Civ. Eng., New York Univ., Jun, 
University Heights, New York City 
Preston, Henry Wray 
Union Bridge Co., Athens, 
Francis 
Asst. Eng., New East River Bridge, Jun. 
Broadway, Brooklyn, Y.............. 
GEORGE RocKWELL 
Coast and Geodetic Survey, Washington, 


FETTER Jun. 
333 North 7th St., Paducah, 
GEORGE AYMAR 
Eng. for Street Cleaning; Res. Jun. 
West 84th St., New York 
Horatio 
Leesburg, Loudoun Co., Va.......... 


CHRISTIAN 
Surveyor and Regulator, 9th Survey Dist.; Res. 1539 
North 12th St., Philadelphia, 

319 York Jersey City, 


JAMES 

355 West 145th St., New York City........... 

308 Chamber Commerce Bldg., Chicago, 

Vice-Prest. and Treasurer, Carnegie Steel Co., Pitts- 


JUNIORS. 

New England Office, Edge Moor Bridge Works and 

Edge Moor Iron Co., Exchange St., Boston, Mass.. 

311 East State St., Trenton, 

Room 512, Grand Central Station, New York 
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Date 
Membership. 


April 
June 


June 
Nov. 
May 


Mar. 
May 


May 


Feb. 
May 
April 


April 30, 
June 


June 


Jan. 31, 


Jan. 31, 


Jan. 31, 


May 


1894 
1899 


1899 


1896 
1899 


1894 
1899 


1899 


1896 
1899 


1899 
1894 
1899 


1895 
1899 


1899 


1899 


1899 


1899 


1899 


1899 


1899 


1899 
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Date 

1908 Webster St., San Francisco, Jan. 1899 
FREDERICK 

GowEN, SUMNER 

Draftsman, Phoenix Bridge Co., Pa. ..... May 1899 


Asst. Eng., The Degnon-McLean Cons. Co., Her- 


PEYSTER 

Asst. Eng., Engrs.’ Office, Havana, June 1899 
Macy, 

Chief Eng., Iowa Central Ry., Marshalltown, May 1899 
STERLING 

Asst. Eng., Big Four Ry., Indianapolis, Ind........... May 1899 
CHURCH 

216 Osborn Wissahickon, Philadelphia, Pa......... May 1899 
FLANDERS 

115 Washington Ave., Chelsea, Mass ..... Feb. 28, 1899 
WHISKEMAN, JAMES PETER 


CHANGES ADDRESS. 


MEMBERS. 

Gen. Supt., Manhattan Ry. Co., Dey St. 
New York City. 

ERNEST Industria 103, Havana, Cuba. 

JAMES............ 1433 Harrison St., Kansas City, Mo. 

H........ Lt.-Col., Corps Engrs., A., Army 

Building, Whitehall St., New York City. 

BREITHAUPT, Broadway, New York City. 

struction; Res., 6200 Alder St., Pittsburg, 
Pa. 

STANDISH Saltillo, Estado Coahuila, Mexico. 

AUGUSTUS....... Lakewood, Jefferson Co., Colo. 

Carr, 291 Pleasant St., Milwaukee, Wis. 


ASHBURNER....192 Broadway, New York City. 
CHAMBERLAIN, City, Rep. Guatemala. 
540 Neville St., Pittsburg, Pa. 
Drexel Bldg., Philadelphia, Pa. 
Davis, Frank West Congress St., Detroit, Mich. 


Aff 
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Wirt, Dakota St., South Bethlehem, Pa. 


Haven, Conn. 

Fisk, Care Chief Engrs., A., Washing- 
ton, 

DESMOND............ 807 Security Bldg., Chicago, Ill. 

......... Las Vegas Hot Springs, Mex. 

James .....Care John Trautwine, Jr., Chief 
the Bureau Water, Philadelphia, Pa. 

GEORGE Director Public Works, Savannah, Ga. 

209 Race St., Cincinnati, Ohio. 

Station, New York City. 

JoHN Care Luce, 132 Austin St., 

Cambridge, Mass. 

Ives, Epwarp BERNARD ......... Capt. and Signal Officer, V., Signal 
Office, War Dept., Washington, 

East 22d St., Baltimore, Md. 

The Corliss Steam Engine Co., Providence, 

Baron, JoHN Chf. Eng., Am. Honduras Co., Tegucigalpa, 
Honduras (via New Orieans and Puerto 
Cortez). 

New York City. 

LEHANE......... Room 1124, Guaranty Loan Bldg., Min- 


neapolis, Minn. 

WALLACE Soldiers’ Home, Va. 

Pres. and Gen. Mgr., The Met. West Side 
Elevated Ry. Co., 169 Jackson St., Room 
1001, Chicago, 


Frank U.S. Asst. Eng., Missouri River 
sion, Osage City, Mo. 

THomas West 21st St., New York City. 

Mosman, ALONZO Cuyamaco O., San Diego, Cal. 

Ostrom, JoHN 1306 Park Bldg., Pa. 

THEODORE Cuban Electric Co., Luz Wharf, 
Havana, Cuba. 

Bldg., Buffalo, 

ALBERT STANLEY......... Care Excelsior Wooden Pipe Co., 204 


Front St., San Francisco, Cal. 
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CHARLES LEONARD..... 114 Greene St., Brooklyn, 

James Dougias Block, Los Angeles, Cal. 
LUTHER......... Captain, Battalion Engineers, Manila, 

353 Sheridan Ave., Pittsburg, Pa. 

GAYLORD....... Newcastle Traction Co., Newcastle, 
Pa. 

WALLACE,...... Natchez, Miss. 

Parsons...... .Eng. Dept., The Oregon Ry. Nav. Co., 
Portland, Ore. 

706 Pabst Bldg., Milwaukee, Wis. 


Co., Cleveland, Ohio. 


ASSOCIATE 


Henry Memorial Bldg., Syracuse, 

Barr, JoSEPH CARROLL.......... Resident Engineer, Morgantown, 
Va. 

JoHN INNERARITY......... 1016 Congress Ave., Houston, Tex. 

CHESTER, JOHN Box 1088, Pittsburg, Pa. 

GEORGE WARREN.... .... 220 Broadway, New York City. 


Broadway, Kansas City, Mo. 
........111 Fifth Ave., New York City. 


CHARLES Quinnimont, Va. 

ALFRED PETER............ 128 West 96th St., New York City. 

Room 780, City Hall, Philadelphia, Pa. 

THomas St. Paul Bldg., 220 Broadway, New York 
City. 

ALFRED........... 1131 Central Ave., Bridgeport, Conn. 

.....2 Boulevard James Fazy, Geneva, Switzer- 

land. 

LEONARD.............. Beacon St., Boston, Mass. 

Gran Pacifico,” City Mexico, 
Mex. 

Rust, BEDINGER.... 6101 Fifth Ave., Pittsburg, Pa. 

CHARLES........ With The Degnon-McLean Constr. Co., 
Broadway, New York City. 

Brown........ State St., New York City. 

Cons. Eng., William St., New York 
City. 

Van JoHN LANE..... Prof. Civ. Eng., Washington Univ., St. 
Louis, Mo. 

land, Ohio. 
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ASSOCIATE. 
Harris, CHARLES MARSHALL....... Cortlandt St., New York City. 
Pratt, Ropert Iron Works, Honolulu, 
JUNIORS. 
AURYANSEN, FREDERICK...... .....9 West 19th St., New York City. 
JAMES GEORGE........... West 85th St., New York City. 
Duncan, Jr......Box 290, Harrisburg, Pa. 
Evans, JoHN ........... Union Depot, Eng. Dept., Albany, 
Forp, ........ Care Isthmian Canal Commission, Grey- 


town, Nicaragua. 

BERNSTEIN........ 235 West 123d St., New York City. 

OWEN Asst. Eng., District Government, 2148 
St., Washington, 

JANVRIN, HERBERT....... Daniel Bontecou, Thayer Bldg. 
Kansas City, Mo. 


Cleveland, Ohio. 
ALFRED Eng., N., Naval Station, New 
London, Conn. 

..... .....Care Isthmian Canal Commission; Grey- 

town, Nicaragua. 

ABEL........ ...157 Washington St., Middletown, Conn. 

Harwoop .....Bureau Yards and Docks, Navy Dept., 

Washington, 
nati, Ohio. 

JAMES WILLIAM....... U.S. Office Boat No. Bushberg, Mo. 
LYALL ........... With James Stewart Co., Lincoln Trust 
Bldg., St. Louis, Mo. 


SUBSCRIBER. 
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190 MEMBERSHIP—DEATHS AND RESIGNATIONS. 


DEATHS. 

Elected Member Jan. 2d, 1889; died Jan. 
16th, 1899. 

Elected Member March 2d, 1892; died Jan. 
12th, 1899. 

Elected Member June 2d, 1886; died May 
19th, 1899. 

CHARLES CARROLL....... Elected Fellow May 11th, 1871; died July 
1899. 

GREENE, GEORGE SEARS.......... Elected Member Nov. 5th, 1852; Honorary 
Member, Oct. 26th, 1888; died Jan. 28th, 
1899. 

HARDING, Elected Member Nov. 2d, 1892; died July 
29th, 1899, 
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INSUFFICIENT PROVISION FOR COUNTER- 
STRESSES RAILROAD BRIDGES. 


PRESENTED SEPTEMBER 1899. 


Many specifications for railroad bridges not make sufficient 
provision for counterstresses. The term counterstresses must un- 
derstood, what follows, apply, not only the stresses the 
counters, but all stresses from the action the combined dead and 
live loads (including the effect shock, sudden application, etc.), 
which are reverse character the stresses from dead load alone. 

good modern specification the unit stresses allowed are low 
that, except for the counterstresses, bridge designed and built 
accordance therewith could reasonably expected able carry 
without serious injury live load least twice great the live 
load specified. 

view the great increase which has been and now taking 
place the weights locomotives and trains, not mention other 
pertinent considerations, the wisdom requiring this seeming sur- 
plus strength will hardly questioned, yet, regards counter- 


stresses, many otherwise good specifications make such provision 
for increased loads. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 


5 


This defect probably due most cases the failure the 
authors the specifications realize that provision for possible 
increase loading, which adequate for all other stresses, may 
entirely inadequate for counterstresses. 

assist the consideration this subject, the relations between 
loads and stresses are stated follows: 

Calling the live-load stress, the dead-load stress, the sec- 


tional area, and the stress per square inch, then for counterstresses 


for stresses other than counterstresses 

From these equations the following propositions are evident: 

For stresses other than counterstresses, the live load doubled, 
the stress per square inch cannot more than doubled, that for 
the original live load the stress per square inch was less than half the 
safe stress, the stress per square inch would still within safe limits 
the load was doubled. 

For counterstresses any increase the live load must make 
greater proportional increase the stress per the live- 
load stress but slightly larger than the dead-load stress, then even 
small increase the live load may make very large increase the 
intensity the counterstresses, while the live load slightly 
smaller than the dead load, small increase the live load may 
require counters where none were required under the original live load. 

the counterstresses bridge are obtained simply subtract- 
ing the dead-load stresses from the reversed stresses for the specified 
live load, and the members subject thereto are proportioned the 
specified stress per square inch, which the way prescribed many 
specifications, and common practice among bridge designers, then 
such members will have less factor safety regards increase 
the live load than the other members the bridge, and the trusses 
may some panels have proper provision for any 
increase the live load. 

The absence regular provision for counterstresses does not 
necessarily result immediate failure the bridge subjected 
load sufficient produce counterstresses, the stiffness the chords 
and system, and the fact that the load generally but few 
moments the critical position which would produce the counter- 
stresses may save bridge from seemingly impending failure. 
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case point, brought the author’s attention about year ago, 
that 300-ft. span, shown Fig. This span, for unknown 
period, had been carrying loads which, for want counters, would 
temporarily buckle the main diagonals whenever loaded train 
crossed the bridge. 

this bridge common type, and has special features 
unusual stiffness the chords and floor system tending supply the 
place counters, fair suppose that most bridges would 
possess some capacity for sustaining loads some the counters 
necessary proper design were omitted. feared, how- 
ever, that loads carried produce dangerous strains the chords 
and floor system which may time cause failure. Ability carry 
loads when there not proper provision for the counterstresses, like 
the ability resist stress after the elastic limit has been exceeded, 
very desirable property bridge, and may, emergency, save 
from disastrous failure, but should not relied for sustaining 
the traffic, either present prospective. 


bridge designed accordance with recognized good practice 
would considered fairly safe regards all stresses other than 
counterstresses, under increasing traffic point where the live 
load was about double that originally specified, consistent, 
proper provision should made for the counterstresses produced 
live load least double that originally specified. the stresses 
are obtained from double the live load, the stress per square inch 
members not subject counterstresses will vary from something less 
than twice the specified stress per square inch some members 
nearly quite the specified stress others. Hence, would 
seem consistent, after obtaining the counterstresses from double 
the specified live load, allow nearly double the specified stress 
proportioning. 


All the previous references live-load stresses are intended 
references the live stresses, with the effect shock, sudden applica- 
tion, The author’s present practice determining what 
members bridge are liable counterstresses, and proportion- 
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ing them, add the nominal live-load stresses (that is, the 
live-load stresses with the effect shock, sudden application, etc., 
neglected), 125%, combine the stresses thus increased with the 
dead-load stresses, and use double the specified stress per square 
inch determining the sectional area required. 

Fortunately, even when the specifications require provision for 
counterstresses beyond what would produced the specified live 
load, most bridge designers will make some provision, which, how- 
ever, will differ greatly according individual judgment. the 
designers are contractors competing for work lump-sum basis, 
under specifications deficient regards counterstresses, any pro- 


vision they may make toward remedying such deficiency self- 
imposed handicap. 


For bridges with parallel chords resting two supports, 
Fig. this handicap generally not great, because for most cases 
only few members will have counterstresses, even when the live load 
doubled, and these stresses are mostly quite small; but for bridges 
with inclined chords, which for long and moderately long spans are 
now very frequently used, Figs. and the case quite 
different, because the inclination the chords decreases the dead- 


load stresses and increases the reverse live-load stresses the web 
members, thus increasing the counterstresses. frequently 
customary start the inclination the chord sufficient distance 
from the center the truss avoid the use counters the por- 
tions the truss having inclined chord, and make the in- 
clination great the avoidance counters and the maintenance 
the required headroom will admit. there generally considerable 
economy making the inclinations the chords steep possible, 


there decided advantage, from the commercial point view 


| 
3 


the aforesaid competing contractors, making provision for 
counterstresses excess the specifications. 

The chief danger apprehended from specifications which 
not make adequate provision for counterstresses lies, not their use 
those who from self-interest wilfully omit unspecified provisions 
which they believe essential good design, but their use 
those who either fail realize that the specifications are inadequate, 
underestimate the extent their inadequacy. 

The same causes which lead engineers write specifications which 
not make sufficient provision for counterstresses may lead them 
design bridges which are defective this regard. 

believed that what has been presented shows that provision 
should made for counterstresses from some increase the live 
load, perhaps more, perhaps less, than the increase advocated, and 
that whatever provision decided should all cases definitely 
and clearly stated the specifications. 
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COMPARISON WEIGHTS THREE-HINGED 
AND TWO-HINGED SPANDREL-BRACED 
PARABOLIC ARCH. 


PRESENTED SEPTEMBER 20TH, 1899. 


June, 1896, the author had occasion calculate the stresses, 
sections and weight three-hinged spandrel-braced parabolic arch, 
the outline and main dimensions which are shown Fig. 
Shortly after finishing these calculations determined make the 
corresponding calculations for arch the same outline having two 
hinges, order determine their exact relative economy regards 
weight metal. was not until recently, however, that the second 
calculation was completed. would seem that these results might 
some interest members this Society, they are here given, 
together with brief exposition the method used calculating the 
stresses the two-hinged arch. 

These arches were designed for live load 160 per lineal 
foot 000 Ibs. per panel the arch, and dead load 880 Ibs. 
per lineal foot per panel the arch. This unusually large 
dead load due heavy asphalt floor carried buckled plates. 

papers are issued before the date set for presentation and discussion. 


Correspondence invited from those who cannot present the meeting, and may 
sent mail Discussion, either oral written, will published 


Subsequent number Proceedings, and, when finally closed, the papers with discussion 
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SPANDREL-BRACED PARABOLIC ARCH 
CASE THREE HINGES. 
CASE TWO HINGES. 


Total span=200 ft. from center to center of end pins. 


metal less than in. thickness was used for either case; and 
only two sizes channels—12 and ins.—were used for the members 
other than the arch ring. introducing another shape, say 10-in. 
channels, small saving weight could have been made both 
cases, but the appearance the arch better account the 
greater uniformity, and the construction cheapened for the same 
reason. 

The unit stresses used proportioning the members were: 

For tension 

Live-load stresses, 000 per square inch. 
For compression 
arch ring and top chord 


Live-load stresses, 000 per square inch. 


Live-load stresses, 000 per square inch. 
would have been more consistent and better have used for the 
arch rings and top chords also the compression formulas used for 
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web members, the loading producing maximum stress these 
members partial, not covering the entire span, for almost all the 
members both cases. 

These unit stresses, will recognized, are those for medium 
steel, Theodore Cooper’s Specifications 1896 for Highway 
Bridges. 

The temperature stresses the two-hinged arch were treated 
dead-load stresses. Members subject alternate stresses tension 


and compression were proportioned resist both kinds stress, with 
the smaller added either. 


TABLE No. SEcTIONS AND WEIGHTS FOR 


CENTER CENTER END 


Dead-load 


Live-load Weight 
Member. stresses. stresses. Sections. pounds. 
Sq. ins. 
. . 49 600 2 42” 65 = 12.7 
= 180 800 2 12” “ 188 — 27.1 
s.4x 4X 
Ss. 
Details (from shop drawings).... 800 
Total weight 115 000 
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Case II.—The stresses for the two-hinged arch are not statically 
determinate, but may obtained from the elastic properties the 

The vertical components the reactions for any load are the same 
the reactions for simple truss the same span. The horizontal 
component the reactions for any load can found from the follow- 
ing formula:* 

which 

Load any point; 

Vertical defiection the loaded point, due horizon- 
tal force unity acting the free hinge—one hinge 
assumed fixed and the other free—; 

Horizontal displacement the free hinge, due hori- 
zontal force unity acting the free hinge. 

Fig. will make the notation this formula more clear than the 
definitions alone could. 

For simplicity comparison the re- 
sults are arranged compactly possi- 

The first column gives the marks designating the members (see 
Fig. 1). The second column shows the stresses due horizontal force 
unity acting one the hinges. These stresses were very care- 
fully figured analytically, and then checked graphically means 
the diagram, Fig. From these stresses the changes length 


Unity 


the various members were computed from the formula 


determining these values which are given the third column, 
was taken feet, present unknown, was taken equal unity, 
and was taken instead 000 000, order give values 
sufficiently large allow them accurately plotted. These pre- 
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liminary values are 000 000 times their true value. Using 
these values the displacement diagram shown dotted lines 
Fig. was constructed. The full lines this figure give the final 


displacement diagram, and from this diagram the ratio was 

found have the following values, beginning with the panel point 

the end the arch: 0.003, 0.203, 0.401, 0.590, 0.764, 0.904 and 0.962. 
The thrust due load the end the span being small, only 


0.003 the load, neglected both the preliminary and final cal- 
culations. 


264000 


48000 


For full loading the preliminary value the horizontal thrust 
6.686 000 from this, means diagram similar Fig. 
(Fig. being the final dead-load stress diagram), the preliminary dead- 
load stresses are obtained. These stresses are given the sixth 
column the table. 


Before finding the preliminary live-load stresses will well 
find the stresses the arch due vertical reaction unity, sup- 
posed applied this case the left hinge. The stresses due 
this load are given the fifth column the table. 


They were com- 
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puted analytically and checked means the diagram, Fig. The 
upper figures the fifth column, where two sets are given, are the 
stresses for the corresponding member the right half the arch. 

determine the greatest tensile and compressive live-load stresses 
which any member the arch subjected, take the arch ring 
for example, and arrange the computations follows: 


0.401 
0.962 
0.203 


The value and being those given the second and fifth 
columns Table No. opposite inspection can seen that 
loads the second, third, fourth and fifth panel points produce 
tension, and loads the other points produce compression the 
member The computation the stresses now very simple, and 
have: 


For tension (10.849 4.492 1.958) 000 2.054 
000. 

For compression (4.728 4.492 15.208) 000 6.030 000 
217 000. 


The other live-load stresses were determined this manner, and 
the computations were equally simple. 
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TABLE No. 2.—(Continued). 


Total weight 109 000 


*The Temperature Stresses the Final Calculations were found the same the Preliminary Calculations. 


j — 9.875 | ” ” ‘ 
Details (estimated).. 900 
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Having determined the preliminary live and dead-load stresses, 
now remains determine the preliminary temperature stresses. From 
the displacement diagram, already constructed, the horizontal dis- 


placement the hinge, due horizontal force unity, found 


230.8 
000 ft. will assumed that the arch will 


subjected range temperature 120° Fahr., variation 60° 
from the mean. This less variation than usually assumed, but 
the metal the arch under consideration protected from the 
direct rays the sun highway floor, probably enough. The 
change length the arch due variation 60° Fahr., taking 
the coefficient expansion 0.0000065 per degree 0.078 ft. 
Dividing this change length due temperature the change 


value the temperature thrust. The value this expression 
for the value the temperature thrust present unknown; the aver- 
age influence the areas allthe members the arch very nearly 
represented the influence the area member the top chord 
near the center the arch. this case the approximate value 
the area the member determined from the preliminary live 
and dead-load stresses, used the value ain the expression 
for the temperature thrust. This approximate determination the 
area gives about sq. ins., which gives for the preliminary 


nary temperature stresses are now determined multiplying the 
stresses the second column the table 000. 

From these preliminary dead-load, live-load and temperature 
stresses the preliminary sections were determined. 

Using these new areas, instead unity used the preliminary 
calculation, the final calculations stresses are made exactly the 
same manner the preliminary calculations. found that the 
preliminary temperature stresses need not changed for the final 
determination the sections. final determination the sections 
shows only small changes from the preliminary. most the 
members there change, and the greatest change amounts only 
6%, and the preliminary determination for this case was the safe 
side seems that the final calculation was hardly necessary. Where 


temperature thrust The prelimi- 
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estimate only required, the preliminary calculation would 
certainly ample. 


The calculations weight give: 


This gives saving weight favor the two-hinged 
arch. variation 75° temperature would have lessened the 
difference considerably, but the two-hinged arch would still have 
been lighter. 

While hardly allowable draw general conclusions from the 
consideration special case, can said that where arch 
this form (spandrel-braced) suitable, the two-hinged arch lighter 
than the three-hinged arch; also cheaper construct, there 
center pin and there are adjustable members the center 
the arch. The floor system the two-hinged arch would also more 
simple than that the three-hinged arch, for the great range 
height the center-pin the three-hinged arch, due temperature 
and live-load stresses, makes troublesome break the floor system 
this point. 

When spandrel-braced arches are used series, supported 
intermediate masonry piers, the two-hinged arch has the advantage 
having less horizontal thrust, and therefore requiring smaller piers 
than the three-hinged arch. Great care must taken the con- 
struction the masonry for the two-hinged arch, order that may 
not subject even slight settlement displacement; but, taking 
this extra work into account, believed that the masonry for 
series two-hinged arches will cost less than the masonry for series 
three-hinged arches. 
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IMPACT TESTS STRUCTURAL STEEL. 


this paper will given the results some impact tests small 
specimens wrought iron and soft steel. The tests were made 
new method, under which the specimens were broken tensile stress. 

The matter presented will given its natural order, begin- 
ning with words the need tests this character. The 
theory the methods will then given, followed descrip- 
tion the appliances used the tests. The results the experiments 
will then stated, and, lastly, the conclusions that may drawn 
from the observations. 

Now, the need study the effect impact steel, 
leave out the engineers, the average man would found think that 
the strength steel was its most important quality. Engineers, how- 
ever, not take the same view the matter. give illustration, 

well-known and experienced engineer once remarked the author, 
that ordinary engineering work cared but little about the tensile 
strength the steel was use, compared with the general 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings. and, when finally closed, the papers with discussion 
full will published Transactions. 
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reliability the metal, e., its uniform toughness and ability with- 
stand shocks and distortion. 

This view is, without doubt, held the majority experienced 
engineers. fact, may said, that among engineers the import- 
ance shock resistance generally admitted. Most engineers, 
however, will found content with the methods now use for deter- 
mining the shock resistance steel. They will contend that any 
skilful blacksmith can test sample steel and say whether 
tough and reliable not. 

There is, the other hand, among engineers and scientific men, 
rapidly growing feeling the importance impact tests 
structural materials, made, not with the blacksmith’s methods and 
muscular sense, but accordance with the stricter rules experi- 
mental science. argument needed, then, show that this 
time studies the effect impact steel are quite order, and that 
the first step seek satisfactory method testing steel. The 
hope finding method which would advance present 
practice has led the experiments herein given. 


The following description, with Figs. shows how the new 


design may evolved, step step, from the old type impact 
machine. 


Fig. shows outline the familiar 
form impact testing machine, where 
the test bar rests two rigid sup- 
ports and struck the middle 
falling weight. Owing the 
rigidity the knife-edges, the energy the blow must 
absorbed deflecting the test piece 

Suppose, now, set conditions where the bar comparatively 
rigid, and, place one the knife- 
edges, there yielding support 
spring shown Fig. The 
energy the blow from the falling 
pressing the spring This will 


strictly true only where the bar and the remaining knife-edge 
are perfectly rigid. 
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Fig. shows the same arrangement, except that the spring 
acts tension and supported bracket and, the bar 
the knife-edge and the bracket are perfectly rigid, the entire 
energy the blow from will absorbed the 
spring 

order lessen the strain 
the bar and the knife- 
edge the point application 


the blow may changed, 

Now, substitute place the spring test bar metal 
have impact testing machine which will show the tensile resist- 
ance impact the material. 

Let now make another change the arrangement. Place 
the knife-edge vertical and substitute 
for the falling weight pendulum swing- 
ing horizontal axis above and 
parallel the fork-bar that the 
pendulum will strike horizontal 
which ground plan. Let the knife-edge and the bracket 
rest against independent piers, that, when the specimen breaks, 
the fork-bar will swing one side and allow the pendulum 
pass. 


With this arrangement the pendulum may raised given 
height and released. will strike 
the bar tear the specimen two 
and rise after the blow certain 
height. The difference between the 
height through which the pendulum 
fell and the height which rose 
after the blow shows the amount 
energy absorbed tearing the speci- 
men. Fig. may said show diagramatically the form 
machine used the experiments herein described. From the fore- 
going will understood that this method the specimens are 
broken direct tension, and hence the tests may called tensile 
impact tests. 
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The testing machine used the experiments has been partly 
described and illustrated the Transactions this Society.* The 
original machine was devised the author for making transverse tests 
impact. The attachments which tensile impact tests could 
made were also devised the author. Mr. William Schaefer 
rendered valuable assistance the execution the scheme. The 
attachments for tensile tests were made March, 1898. Figs. and 
show the form and some the details new testing machine now 
being built for the St. Louis Water-Works Extension. principle, 
the two machines are alike. 

The new machine will have pendulum hammer forged steel, 
rectangular form and weighing about 200 lbs. will hang 


Spring 


DETAIL OF TEST SPECIMEN 


FORK-BAR 
MACHINE STEEL 


horizontal shaft resting ball bearings. The striking edge the 
pendulum and the fixed knife-edge will tempered tool steel. 

The machine will set basement room, and the concrete 
anvil-block will abut against stone cellar wall, below the level the 
earth outside. this arrangement the pendulum will swing clear 
the floor the room, and everything will quite accessible and 
convenient. Plate VII shows the frame and mechanism assembled 
the shop. 

Fig. gives the dimensions the lighter fork-bar used. One 
the fork-bars was made machinery steel with faces tool steel 
welded all bearings. These faces were tempered and then ground 
true. The other fork-bar was made tool steel throughout, and tem- 
pered and ground the bearings. 


Bent Russell, Soc. Transactions, Am. Soc. E., Vol. xxxix, 
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The bracket used cast iron. very heavy and rigid and 
provided with slotted plate tempered steel. This plate receives 
the T-head the specimen, and all bearing surfaces are ground true. 
There small shelf the face side the bracket which supports 
the fork end the fork-bar when position The other end 
the fork-bar held adjustable support. When position 
the pendulum. 

The 4-in. bracket, shown Fig. used support the 
heavy bracket while being bolted the anvil plate. 

Fig. two arrangements the machine are shown. The first 
for transverse impact tests, where two knife-edges are used.* The 
second for tensile impact tests, where the bracket and fork-bar are 
used with one knife-edge only. Plate VII the parts are shown 
set for tensile tests. 

building these machines great care taken insure rigid sup- 
ports. solid concrete foundation used, heavy anvil plate 
carefully bedded against the concrete, the seats the bracket and 
knife-edge are planed off true, and the tempered steel striking plates 
are ground true the seat and rest against scraped surfaces. 

This care necessary order that there may springing 
the joints when the struck. The rule that all fixed parts 
must heavy and rigid, and all joints perfectly fitted and firmly 
bolted. 

The hammer used the experiments weighs 103 about half 

what the new hammer will weigh. The relative proportions its 
dimensions are the same the new hammer. 
important that the hammer should strike its center per- 
cussion, that there may blow the trunnions. Where the 
hammer simple form, the center percussion readily com- 
After the hammer set up, the center percussion may 
verified timing the oscillations, the period which should the 
same that simple pendulum, whose length equal the dis- 
tance from the axis the center 

The center gravity the pendulum hammer found trial 
before mounting, and, the same time, the hammer should 
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Rankine’s Applied Mechanics,” Articles 544 and 607. 
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weighed, the force the blow measured the fall the 
center gravity inches and the weight the hammer pounds. 
The pendulum is, course, provided with attachment for reading 
the height through which the center gravity falls. The height 
through which the center gravity rises after passing its lowest point 
also shown. 

are now provided with machine for breaking specimens 
tension with single blow. Before making actual tests, however, 
order consider what results will obtained. this paper the 
resilience specimen will understood mean its shock resistance 
stopping power; that is, the amount energy work that will 
required rupture it. This energy will expressed inch-pounds. 

raise the hammer ins. and let fall break 
specimen, and the hammer rises height in. after breaking the 
specimen, would say that, the hammer weighs 103 103 inch- 
pounds energy have been absorbed, that the apparent resilience 
the specimen 103 inch-pounds. The loss due friction swing- 
ing easily allowed for, therefore may considered that there 
friction. 

addition breaking the specimen, there has been energy 
absorbed other ways. The most important these are the inertia 
and the springing the fork-bar. 


DETERMINATION ERRORS. 


Problem: Find the Loss due the the Fork-Bar.—Accord- 


ing Hodgkinson, the observed resilience the true resilience 


when the weight the hammer and the inertia 


the test bar.* The problem is, then, find 
simplify the problem will assume that the 
fork-bar the bar struck rectangular 
prism having its axis fixed point one end 
Fig. and that struck the other end. The 
length the bar will call and will consider 
that the thickness and width the bar are small 
enough neglected, or, other words, that the 
bar straight line revolving about one end and 
having weight, but width thickness. 
Transactions, Am. Soc. E., Vol. xxxix, 239. 
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Let the weight the bar. 


Let now substitute, for our rectangular hammer striking its 
center percussion, equivalent simple pendulum. equal 
the weight this simple pendulum. 

now have the case the familiar ballistic pendulum treating 
the bar, whose length the ballistic pendulum, and the weight 
the projectile (see Fig. 9). 

The formula for this case will found Rankine’s 
Taking the same notation Rankine: 


Let the velocity the weight before striking 
the distance from the axis the center gravity 
the weight and bar together 
the weight the ball and the bar together 
the length simple pendulum equivalent the com- 
bined mass revolving about the axis 


concentrated the center oscillation, distance 
from 

velocity the center oscillation the joint mass the 
instant perfect contact, when both bodies are moving 
the same velocity 

the acceleration due gravity. 

Let =the weight the bar alone; 


find the value 


Let the square the radius gyration the joint 


vo 


Substituting and cancelling out find 


*Article 607, 549. Rankine, Art. 581. 
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which the desired solution for the case hammer the form 
simple pendulum. 
get this result terms known properties the rectangular 
Where weight hammer; 


hammer: 


distance from axis hammer center gravity 
same; and 


distance from axis hammer center percussion 
same. 


Substituting (1) get: 


hence 29 WwW, h 


effective energy. 


Where the fall the center gravity the hammer. 


Then from equation (2) 


Tin Hodgkinson’s rule. 
Conclusion.—The inertia the fork-bar may taken one-third 


the weight the bar the ratio the square the ratio 


the radius the center percussion the radius the center 
gravity the 
This rule is, course, only approximately true for bar the 
shape actually used. The true correction for the bar could found 
the same line reasoning, taking all the dimensions into account. 
the method above given account taken the deflection 
the fork-bar, which assumed inconsiderable. 


The rule may applied one the fork-bars used the 
experiments follows 


Rankine, Art. 607. 
Compare Merriman’s Mechanics Materials,” Articles and 111. 
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Weight fork-bar No. 6.39 lbs. 
25.75 ins. 
25.75 
3x18 
the bar Hodgkinson’s rule and 
the total energy absorbed nearly greater than the resilience 
the specimen, the difference being due the inertia the fork-bar. 
the error directly proportional the weight the fork-bar, 
would have with fork half the weight error less than 
per cent. 


108, 


With any hammer similar proportions, where the weight the 
fork-bar less that one-tenth the weight the hammer, the error 
due the inertia the fork-bar will less than per cent. 

Problem: Find the Error due the Spring the Fork-Bar.—We 
will consider the fork-bar beam supported the ends and carry- 
ing concentrated load. first find the load which deter- 
mined the maximum pull the specimen 
and the relative distances and S,, Fig. 10. 

From the dimensions the beam and the modulus 
elasticity the metal may find the deflection 
the beam the loaded point. With all dimensions given, find 
that the accepted formulas the load directly proportional 
the reaction and the deflection directly proportional 

The energy absorbed producing this deflection 


10. 


i 


Where constant, which means that the loss energy springing 
the fork-bar proportional the square the maximum pull the 
test specimen, may readily computed for given conditions 
well-known formulas. 

this way the value for the light bar used these experi- 
ments has been computed equal 0.0000001106. 
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With this value, taking specimen having ultimate strength 
000 Ibs. for example, find that the springing the bar will 
the supposed specimen absorbed 400 inch-pounds breaking, 
would have error 2.76 per cent. 

This may considered average case. the specimen should 
have half the strength and half the resilience above given would 
have half the percentage error, 1.38 per cent. 

stiffer bar may used with stronger specimens, would seem 
that with metal ordinary strength and ductility there should 
difficulty keeping the proportionate error below 5%, and that with- 
out using heavy fork-bar involve large error from inertia. 


ING THE WEIGHT THE 


RESILIENCE INCH-POUNDS PER SQUARE 


Kind wrought iron. Gain, per cent. 


With fork-bar With fork-bar 
weighing 6.39 weighing 3.85 Ibs. 


Tennessee 
‘Tennessee charcoal........ 885 046 


o 


the specimens each metal were thesame form and dimensions, and 
were cut from the same bar. Each value the average six tests. 


Table No. gives the results experiments made learn the 
effect decreasing the weight the fork-bar when other conditions are 
kept nearly uniform may be. The results show that the energy 
absorbed breaking specimen greater with the light bar. This 
would seem indicate that the error due the springing the 
fork-bar greater than the error due the inertia effect. The 
difference, however, may due variations the metal. 

Without further investigation, seems fair presume that the 
inherent errors this method testing need not exceed 10%, or, 
other words, over 90% the blow should absorbed the specimen 
itself. 


making comparative tests with the same fork-bar, the error due 
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inertia effect. the results the experiments correc- 
tion has been made for either the inertia spring the fork-bar. 
thought that, were all the corrections made, the comparative values 
would not changed materially. 


PREPARING SPECIMENS. 


Taking first the design the specimen bars, find that 
account the great toughness resilience steel, necessary 
test but small volume the metal. difficult confine 
the effect blow definite volume nicked section 
was adopted, standard nick simple form being used. 

Fig. shown the dimensions the specimen bars used. 
they are all cut from flat sections, all the dimensions are constant, 
except the thickness 

allow for the varying thickness, the resilience specimen 
divided the area the cross-section the nick, and the result 
called the resilience per square inch. The results are believed 
comparable. 

should remembered, course, that test specimen dif- 
ferent form would not give the same resilience per square inch. Ob- 
jection may made the use any particular form nick, but 
believed that tests made with the form adopted give good idea 
the quality the metal. The blacksmith judges bar steel 
nicking and breaking with his hammer and anvil. are simply 
improving his method using nick made gauge, and measur- 
ing the energy the blow. 

is, perhaps, order note here that the Transactions* the 
Society will found the results previous experiments made the 
author, which nicked specimen bars steel were broken single 
blow. these previous experiments the bars were broken trans- 
versely. The great range the values resilience steels tested 
this manner led the author think that transverse breaking gave 
unfair advantage the softer steels. Hence, this study impact 

tests with nicked specimens steel. 

The specimen bars used the experiments were cut shape 
milling machine, experience showed this the best way secure 
sharp and uniform nicks. The milling cutters were ground 
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universal cutter and tool grinder, secure perfect cutting 


tool. number specimens are usually cut together the milling 
machine. 
BREAKING SPECIMENS. 


The specimens are numbered and then calipered with micrometer. 
bar then placed the bracket slot and the fork-bar 
adjusted. The hammer raised given height and released. 
falls, strikes the fork-bar and breaks The height 
which the hammer swings recorded. The proper correction for 
friction the hammer noted, and the observer ready for another 
specimen. Table No. shows the form record kept. 


(Tenn. FROM FOR TENSILE 
RESILIENCE, WITH RESULTS HEREWITH APPENDED. 


Lot No. Weight fork-bar, 3.85 


CREASING THE THE HAMMER. 


Initial fall inch- 
nitial fall ounds per square 
Kind wrought iron. hammer, inches. Number tests 


the specimens each metal were the same form and dimensions, and 
were cut from the same bar. 
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TABLE No. Iron PER 


Bars nicked shown Fig. 


Iron, Norway......... 0.25 585 500 28.2 


The values these columns are the result one test only. 

Table No. contains the results few experiments made 
show the effect increasing the initial fall the hammer. Appar- 
ently the effect small compared with the variations the metal. 

Table No. gives the values resilience found with number 
samples wrought iron and soft steel. the last two columns are 
given for comparison the strength and ductility each melt shown 
the ordinary tensile tests with the load applied gradually. The 
thickness all cases the thickness the plate bar rolled. 

The steel Lot No. was basic open-hearth steel. The specimens 
were cut from large plates. The tests showed very uniform material. 
The steel Lot No. was said medium steel, but the tensile 
tests indicated that should graded soft steel. These specimens 
were cut from angles about ins. size. These tests showed 
lack uniformity the material. All the wrought-iron specimens 
were cut from bar iron. 

examining the values given Table No. note that the 
highest value obtained with wrought iron 535 inch-pounds per 
square inch, with Norway iron. The lowest value obtained with 
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wrought iron the same thickness 2115 inch-pounds. Taking all 
thicknesses wrought iron get range from 640 535. 

The highest test steel over 9000 inch-pounds and the lowest 
550 inch-pounds. 

Melt No. 743 get practically the same results with metal 
different thicknesses, while Melt No. 757 the thicker metul makes 
poorer showing. This may due the thicker plate having been 
finished the rolls too great heat. 

study all the values given Table No. indicates that the 
resilience per square inch not proportional the ultimate strength, 
nor the proportionate elongation, nor the product the two. 
note, too, that the proportionate range value greater for the 
resilience than for either ultimate strength elongation. 


conclusion may review the work briefly. The tests given 
were made new method breaking small specimens tension 
impact. find that there are two important errors which may 
said peculiar the method testing. find the first 
these the error due inertia, theoretically determinate. find 
that the second these errors that due the spring the 
fork-bar determinate the degree that the tensile strength the 
specimen known. The other errors the method are those 
common all impact tests. find that the results obtained are 
determined the form the specimen, and are hence only 
comparative. 

find that the tests that have been made this method 
indicate that the resilience shock resistance rolled steel cannot 
predicted from the tensile strength and elongation. 

The values obtained will course have but little other meaning 
until they have been interpreted experience and further experi- 
ment. suggested, however, that time, tests this sort may 
become valuable aid judging and recording the quality 
structural steel. 
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PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions 
any its publications. 


WHEEL CONCENTRATIONS AND FATIGUE 
FORMULAS BRIDGE DESIGN. 


Informal Discussion the Annual Convention, June 27th, 1899.* 


SUBJECTS FOR DISCUSSION: 


the use the Method Wheel-Concentrations discon- 
tinued determining the Stresses Railroad Bridges?” 


view present knowledge the Effect Repeated Applications 
Load, should Fatigue Formulas used Bridge 


Gustav Am. Soc. E.—The objection the 
method wheel concentrations for finding the strains bridge mem- 
bers does not arise much from the greater labor calculation, but 
because the assumption wheel loads resting knife-edges 
false and unnecessary refinement, for, any case, the rails and ties 
intervening between the wheels and the bridge structure distribute 
the concentrated loads upon the length the wheel base. may 
correctly assumed, for the bridge structure, that the loads rest 
skids, instead wheels; the rails representing the skids. The 
strains the floor and the trusses are thus more accurately found, 
for the train-load plus the excess load the locomotive, than the 
method wheel concentrations, which should discontinued. 


The discussion this subject, for which formal was printed 


Proceedings order that the views may brought before all members 
the for further discussion. (See rules for publication, Proceedings, Vol. 
xxv, 71. 

this subject received prior September 1899, will rinted 
Proceedings, and subsequently the whole discussion published 
Transactions. 
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There are indications that the growth weight locomotives will Mr.Lindenthal. 


soon come end; will determined, not the strength 
rails, bridges drawbar heads, which can increased will, but 
the hardness steel wheel tires and rails, necessary resist the 
wear and tear the heavy engines. will reach the limit when steel 
the railhead would crushed, or, made still harder, would too 
brittle for safety. may fairly assumed that 120 tons whee! 
base ft. the practicable and economic limit weight concen- 
tration railroad track. This represents quiescent load 000 
per lineal foot, corresponding per wheel; from 
000 000 pressure per square inch the wheel tire and 
rail, which close to, exceeding, the elastic limit hard steel. 

Some rails have, indeed, been made hard nickel steel, which 
may safely resist greater pressures, but they cost about double 
much ordinary rails. They are used only for the outside curves, 
and, therefore, not determine ordinary service conditions. 

Fatigue formulas bridge designing made their first appearance 
American bridge specifications about fifteen years ago, mostly 
the form the Launhardt and the Launhardt-Weyrauch formulas, 
modifications thereof. The previous practice, which also still 
largely followed (and sometimes combined with the fatigue formulas) 
consisted the variations ofthe unit stresses for different bridge 
members, depending upon their position the bridge, using the 
lowest unit stresses the floor system and the highest the chord 
members the trusses. This was done according the judgment 
the designing engineers, out which gradually had grown certain 
standards. The exploitation the fatigue formulas was probably 
prompted desire bring the arbitrary but well-founded stand- 
ards, regards unit stress, under uniform scientific rule, although 
that expectation was not fulfilled. 

every one knows, the formulas were deduced Professors 
Launhardt and Weyrauch, who were not themselves the experimenters, 
from certain tests for the Prussian Government, made Wohler and 
Spangenberg about thirty years ago, with steel and iron bars, which 
were subjected rapid repetitions and reversions stress. 

The formulas were regarded the time examples elegant 
mathematical reasoning, and their plausibility won many believers. 
Nevertheless, their application bridge designing absurd, because 
the conditions which they are based not obtain This 
well recognized European engineers, who rarely, ever, use them. 

strained his iron and steel close and over the elastic 
limit the rate repetitions per second. These conditions 
may sometimes occur machinery, car axles, connecting rods, rails, 
and other like structures, where the tensional and compressional 
are nearly always the effect sudden and long-continued inter- 
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mittent forces, and complicated with bending, torsional 
strains. But, even for them, the the formulas open 
serious question when the stresses are kept far below the elastic limit. 

Steel rails, made steel, for instance, and subject 
fiber stresses from 000 000, and higher, from fast and 
frequent trains, are found perfectly safe. They wear out, but 
they not break down. 

The strains iron and steel bridges, however, are entirely 
different character. They are primarily static, and well-designed 
bridges rarely exceed half the elastic limit the material. They are 
not complicated with other strains, machinery designing; and, 
moreover, the maximum strains occur only long and rare intervals, 
and cumulative form. 

not proven, that slow repetitions and reversions stress, 
far within the elastic limit the steel and iron, affect any way their 
durability. There not single authentic fact experiment known 
support such contention. who was well qualified 
scientifically interpret his own tests, never made such claim himself. 

The values the Launhardt-Weyrauch formulas agree with 
Wohler’s tests only partially, within certain limitations stress. But 
there are facts and tests prove their applicability stresses 
one-half one-third low those that Wohler used. nature 
things, such experiments cannot made. How many thousand years 
would take subject steel bar in. reversions stress 
from 000 lbs. tension 000 lbs. compression, the rate 
one reversion per minute, and intervals one hour, before would 
suffer strength, ever would? This assuming, indeed, 
higher strain, quicker reversion and shorter interval than actually 
occur the chords many existing cantilever and arch bridges, 
dimensioned according fatigue formulas. The waste material 
which they imply, particularly for members subject reversion 
stress, not very important for ordinary spans; but for long-span 
bridges, where the maximum strains occur only under extraordinary 
and rare conditions, very serious matter, the bridge 
simply loaded down with useless material, adding its cost, but not 
its strength the speaker’s practice has never 
used them, being convinced that the old English practice, also endorsed 
Rankine, separating the strains from dead and live load, and 
determining the cross-section for both, using larger unit stresses for 
the former, and smaller unit stresses for the live load, and then adding 
the results, founded the most rational basis thus far conceived. 
With the great variations load conditions and material steel 
bridges, more than doubtful the judgment, that respect, 
the experienced designer.can ever replaced practice with any one 

more formulas. 
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Am. Soc. E.—Some years ago discus- Mr. Ricketts. 


sing the paper Some Disputed Points Railway Bridge 
the speaker predicted that the method wheel concentrations 
would abandoned very few years. passing into disuse, 
and that has not disappeared long ago attributed rather 
the conservatism than the common sense bridge engineers. 
should abandoned, not because the calculations consume more 
time and are more difficult than other methods, but because 
the method unscientific, and its accuracy only apparent. 
irrational and unscientific obtain stresses carrying such 
extremes calculations which take account dynamic effects, 
while the actual errors design due ignorance dynamic 
effects are probably many times greater than those due differences 
methods obtaining stresses. other words, such calcula- 
tions will unnecessary refinements long have guess 
allowed unit stresses. 

The subject fatigue formulas and their use bridge design was 
fully covered the paper The Launhardt Formula, and Railroad 
Bridge that almost unnecessary discuss 
now. About those who took part that discussion were 


the opinion that fatigue formulas were wholly irrational, and for that 
reason should not used. 


Am. Soc. E.—The stresses the various parts 
railway bridges can more easily calculated, and with fully 
close approach the strains that will actually exist the structure 
after completion, using the method uniform live loads, rather 
than taking certain live loads, which may not obtain with one loco- 
motive out ten. 

The speaker is, therefore, favor assuming uniform loads 
bridge design, the more so, perhaps, since the general advent 
90-Ib. rails helps materially distribute the wheel loads the 
track stringers, the plate floor, the case may be. 


Past-President, Am. Soc. E.—There one 
idea which the speaker has thought over for good many years. 
has always felt that the use locomotive wheel-base concentration 
was radically wrong. That will give results which are not materially 
bad certainly true, but the principle seems very far from 
what should followed. is, briefly, that take piece rolling 
stock special weights special distances and make that basis 
for structure which expect last years, and which probably 


will last 25; and yet that same locomotive will superseded 


Waddell, Am. Soc. E., Transactions, Am. Soc. E., Vol. xxvi, 


Henry Seaman, Am. Soc. E., Transactions, Am. Soe. E., Vol. xli, 
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The original idea has been somewhat improved using typical 
locomotives. The specifications years ago contained loco- 
motives with the weight the wheels carried down the nearest 
and the distances between wheels given the nearest inch— 
the speaker thinks that some them went fractions, but trusts 
that this was not really the case. The speaker has felt that this was 
entirely wrong, and good many years ago adopted method 
which has always used drawing his specifications, and which 
still thinks gives better results than any system wheel-base loads. 

There one feature the wheel-base load which, out 
diagram, shows its defects. does not give uniform line 
gradually progressing for the varying length spans, etc., but line 
slight undulations. Now, those undulations ought, some way, 
eliminated, and something should obtained which would 
give gradual rate progression from very short span span 
such length that uniform load can taken throughout. There 
are really four different things provided selecting the loads 
for which railroad bridges are proportioned. They are: (1) 
heavy wheel-base load; (2) moderate load for greater lengths; (3) 
gradual transition from the heavy wheel-base load down (if measured 
weight) (if measured length) the lighter uniform load; 
(4) provision for excess those members most affected moving 
loads. 

these, perhaps, one other should added. simply the 
provision that for extremely short spans, those less than wheel-base 
loads, provision should made for excessive concentration, and 
that load ought very excessive; has been the speaker’s 
practice consider that was possible that the whole wheel- 
base loads could ‘concentrated two axles, or, perhaps more 
properly, that half could concentrated one axle. 

has also seemed expedient have these provisions governed 
coefficients rather than absolute amounts, and adapt different 
structures loading different weights, varying the unit load 
which the coefficients are applied. 

other words, there should table coefficients, rule for 
determining the coefficient, for each length ofspan. 
classified for the duty they have perform, and, applying those 
coefficients the unit weight, the weight which used 
calculating every length span could ascertained once. 

Following this general idea, the speaker adopted, and this was 
done about 1882, ft. the wheel-base length and 120 ft. the 
length two locomotives. then adopted, the uniform load for 
120 ft. and all greater lengths, weight per lineal foot varying from 
4000 according the class the structure. the 
wheel-base length ft. this unit load was doubled. The transition 
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was effected adding the uniform load for each foot length Mr. Morison. 
structure less than 120 ft., this increase becoming 100% the 
wheel-base length ft. Impact and irregular strains must 
provided for chiefly those members which variations are rapid 
and reversals are liable occur, that is, the counter members 
the web, and varying extent the main members the web. 
This extra provision was then made considering what portion 
the strain any web member would exist under load equal 
intensity the moving load, but uniform throughout the span. 
Deducting this from the maximum strain such member left 
remainder which varied from nothing the end the span the full 
counter strain the center, and which might called the variable 
effect. This variable effect was then estimated basis times 
the regular moving load, and gave results which, from their uniform 
increase from the ends the center and their general character, seemed 
conform with the proper ideas proportioning structure. 

this basis nearly every bridge the speaker has built for the last 
years has been designed. There are, however, some defects. 


applied the basis the length the span, the load for the shearing 
5 
000 0 boy 


strains too low; applied the basis half the length the 
span the load for the shearing strains unnecessarily high. also 
gives excessive results for lengths span midway between and 
120 ft.; that is, the transition made straight line from 
120 ft., and should made This objection has led 
the study modification this general scheme which will shown 
the following pages. 

The calculations given are applied only one unit weight 
train, and this has been taken per lineal foot, which 
believed the highest unit weight now use. The result, how- 
any unit weight, which unit weight would probably, under present 
practice, made vary from 000 000 Ibs. 

Take illustration standard typical locomotive Fig. 
used recent paper the this Society. This engine 
measures ft. between corresponding points, when coupled 
train locomotives. The total weight This weight 
has been materially exceeded recent engines, the two heaviest 
reported being consolidation pusher the Lehigh Valley Railroad, 
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and consolidation engine running the Union Railway Pitts- 
burg, full descriptions ‘of both which have been given several 
the technical papers. The length somewhat less than that the 
modern consolidation engine, which usually somewhat over ft., 
the total length the Lehigh Valley engine being ft., and that 
the Union Railway engine exceeding ft. 

For purposes simplicity would seem advisable adopt 
engine ft. long and avoid the odd weight the truck wheels and 
irregular distances between wheel bearings. These conditions are 
met the engine shown Fig. 


| | | | | | | 2.5 
| | 24 000 | 


will observed that the only changes from the engine shown 
Fig. are the addition 000 lbs. the truck wheel and addition 
ft. the distance between the truck axle and the forward driving 
axle and the reduction ft. between the two central tender axles. 
This engine ft. long. weighs 280 000 000 Ibs. more than 
the other. Every one the weights divisible 4000 and every 
distance multiple and yet the strains from this engine would 
differ little from those the engine shown Fig. that they 
would not noticed any structure that would built. 


| | | 

| Se 


The distance between the center gravity the driving wheels 
and the center gravity all other wheels 28.5 ft. change 
this dimension 1.5 ft. would produce engine which the distance 
from the center gravity the four pairs driving wheels the 
center gravity all other wheels half the length the engine. 
will observed that the truck wheels and tender wheels are taken 
together determining the center gravity. the weight carried 
the truck largely matter adjustment, seems wise elim- 
inate the truck wheels typical engine and add their weight 
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the driving wheels. these changes are made and the total weight Mr. Morison. 


the engine increased 300 000 000 lbs. per foot, the 
result the typical engine shown Fig. This engine does not differ 
materially from that shown Fig. any its effects bridge. 

Fig. exceedingly simple engine far its weight the 
tracks concerned. each the four driving axles weight 
just half that the driving axles; the center gravity one set 
wheels just ft. from the center gravity the other set 
wheels, and every distance multiple 


is 
C.G. C.G. 


Now, this engine does not differ materially, any its effects 
bridge, from the engine shown Fig. which ten-wheel coupled 
locomotive with tender also having ten wheels. peculiar 
engine, which has been somewhat used, but put here simply 
because, though the nominal wheel base little more, the actual 
wheel base practically the same, and the effects the two engines 
bridge hardly any difference can found. 

These engines not represent any now running, but are typical 
engines for use calculation, and producing more excessive effects 


C.G. C.G. 


than engines the same weight built any the standard lines. 
Furthermore, they are engines such form that they can used very 
easily all calculations. 

will observed that the weight the driving wheels exactly 
double that the other wheels, that the two sets wheels are 
arranged precisely the same way around their centers gravity, and 
that the distance between the two centers gravity, half the length 
the locomotive, ft. 


substitute for the specially applied wheel load, uniform 
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Mr. Morison. load equal intensity, length equal the number wheels mul- 


tiplied the distance between their centers, have the results 
shown Fig. 

This loading will also represent passenger locomotives rather 
extraordinary dimensions. For instance, the engine wheel-base load 
200 000 may considered representing locomotive with four driv- 
ing wheels and 000 each driving wheel; while hoped 
that such locomotive will ever built, pressures approximately 
000 Ibs. per wheel now exist badly counterbalanced engines when 
running excessive speeds. That which bridge specifications 
have never taken into consideration, and which throws all the ordinary 
refinements wheel-base loads out gear. These strains, however, 
not exist all four wheels the same time; their influence felt 
single stringers short lengths, but not complete spans. 

order show how closely this typical loading agrees with the 
locomotives, Fig. has been prepared, and shows the bending 
moments under the several conditions. This drawing taken the 
basin 60-ft. span with the center the driving-wheel base placed 
the center the span. The moments the five different engines 
and loadings which have been considering are drawn scale. 

Taking moving load composed continuous train the typical 
loading (Fig. basis calculation, Table No. shows the 
maximum shearing strains the end the several spans named under 
such moving load, the lengths span varying ft. 


TABLE No. 
load. linear foot). 
100 000 000 2.000 
156 250 100 000 
200 000 150 000 1.333 
250 000 200 000 1.250 
302 500 250 000 1.210 
350 000 300 000 1.167 
400 000 000 
451 563 400 000 1.129 
500 000 450 000 1.111 
550 000 500 000 1.100 
601 136 550 000 
650 000 600 000 1.083 
700 006 650 000 1.077 
800 000 750 000 1,067 
850 000 800 000 1.063 
900 735 850 000 1.059 
950 000 900 000 1.056 
000 000 950 000 1.053 
050 625 000 000 1.051 
100 000 050 000 
150 000 100 000 1.045 
200 543 150 000 1.044 
250 000 200 000 1.042 
300 000 250 000 1,040 
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the same way the bending moments the center the span 
are given Table No. 
TABLE No. 


b 
a 
Length Span. Feet. typical load 000 Ibs. per 
linear foot). 

500 000 250 000 2.000 

1 500 000 1 600 000 1.500 
750 000 250 000 
4 500 000 4 000 000 1,125 
6 500 000 6 250 000 1.010 
000 000 000 000 1.000 
12 500 000 12 250 000 1,025 
500 000 000 000 
20 750 000 20 250 090 1,025 
500 000 250 000 1,008 
000 000 000 000 
500 000 250 000 1.006 
49 500 000 49 000 000 1.010 
750 000 250 000 1.009 
64 500 000 64 000 090 1.008 
500 000 250 000 1.003 
81 000 000 81 000 000 1.000 
500 000 250 000 1.003 
100 500 000 100 000 000 1.005 
110 750 000 110 000 1.0045 
121 500 000 121 000 000 1.004 
132 500 000 132 250 000 1.002 
144 000 000 144 000 000 1.000 
156 000 156 250 000 1.002 


These calculations are based consisting entirely 
locomotives, and such trains are not run. Approximation such 
trains are found, however, mineral traffic, cars special char- 
acter. car designed and built the Goodwin Patent Gravity 
Dumping Car Company weighs 000 and designed carry 
125 000 ore, making total weight 167 000 length 
trifle less than ft., very nearly 000 Ibs. per foot. mineral 
districts would seem expedient proportion bridges for weights 
equivalent trains composed entirely locomotives. other 
districts may expedient provide for only two locomotives and 
reduce the weight the following train something less than the 
locomotive load. this reduction arbitrarily taken 25%, the 
train load per foot will three-quarters the locomotive load per 
foot. seems right apply this correction the form reduc- 
tion from uniform load rather than make the locomotive addi- 
tion this basis Tables Nos. and have been calculated, 
Table No. showing the maximum shearing strain the ends and 
Table No. maximum bending moments the centers spans, 
caused train consisting two locomotives followed uniform 
load three-quarters the average weight the locomotives. 
will observed that these two tables are identical with the foregoing 
tables for all lengths under 120 ft. 
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TABLE No. 
Length span. Feet. |End shear typical 

load. lineal foot). 
100 000 000 2.000 
156 250 100 000 1.563 
200 000 150 000 1.333 
250 000 200 000 1.250 
500 250 000 1.210 
350 390 060 
075 000 1.126 
436 230 400 000 1.090 
477 345 450 000 1.061 
517 734 500 000 1.085 
557 590 000 1.014 
596 860 600 000 0.994 
636 238 650 000 0.979 
675 165 | 700 000 0.964 
750 000 0.952 
752 500 800 000 0.941 
791 000 850 000 0.931 
400 900 000 0.921 
867 555 950 000 0.913 
905 740 000 000 0.906 
943 860 1 650 000 0.899 
981 925 100 000 
019 946 150 000 0.889 
057 910 200 000 0.882 
095 840 250 000 0.877 

TABLE No. 

Length span. Feet. load Ibs. per Coefficients. 


lineal foot). 


500 000 250 000 
500 000 000 000 
750 000 250 000 
500 000 000 000 
487 250 000 
037 500 000 000 
260 187 250 000 
718 750 000 000 
413 437 250 000 
336 250 000 000 
490 250 000 
875 000 000 000 
240 230 250 000 
583 435 000 000 
500 250 000 
500 000 000 000 
687 500 250 000 
250 000 000 000 
187 500 250 000 
500 000 100 000 000 
185 500 110 250 000 
250 000 121 000 
687 500 182 250 000 
112 500 000 144 000 000 
121 687 500 156 250 000 


Mr. Morison. 
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these coefficients have calculated for every position 
loading, there advantage their use; furthermore, the coefficients 
Table No. show series maxima and minima which ought 
eliminated. obviate these difficulties few simple rules are 
proposed for fixing coefficients for every length span; the 
cients, determined these rules will, almost all cases, 
slightly excess the calculated coefficients. The coefficients, 
determined these rules, are plotted full lines Fig. 

Rule 1.—Bending Moments. Uniform Locomotive Load.—Coefficient 
for 220 ft., and all greater spans, Increase this coefficient 
one-tenth (0.001) for each foot decrease length down 120 
ft., making the coefficient for 120 ft. 1.10. Increase this one-third 
(0.0033) for each ft. down ft., making the coefficient for 
ft. 1.3. Increase for each foot down ft., 
making the coefficient for ft. 

Rule 2.—Bending Moments. Two Locomotives Followed Train.— 
Coefficient for 360 ft. and all greater spans, 0.8. Increase this 
cient one-eighth (0.00125) for each foot decrease length 
down 120 ft., making the coefficient for 120 ft. 1.1. Increase 
one-third (0.0033), for each foot down ft., making the 
coefficient for ft. 1.3. Increase 1.75% (0.0175), for each foot 
down ft., making the coefficient for ft. 

Rule 3.—Shearing Strains. Uniform Locomotive Load.—Coefficient 
for 420 ft. and all greater this coefficient one- 
fortieth (0.00025), for each foot decrease length down 220 
ft., making the coefficient for 220 ft. 1.1. Increase one-tenth 
(0.001), for each foot down 120 ft., making the coefficient for 120 ft. 
Increase one-sixth (0.00167), for each foot down ft., 
making the coefficient for ft. 1.3. Increase 1.75% (0.0175), for 
each foot down ft., making the coefficient for ft. 

Rule 4.—Shearing Strains. Two Locomotives Train Load. 
cient for 360 ft. and all greater spans, 0.9. Increase this coefficient 
one-eighth (0.00125), for each foot decrease length down 
120 ft., making the coefficient for 120 ft., 1.2. Increase one-sixth 
for each foot down ft., making the coefficient for 
ft., (0.0175), for each foot down ft., 
making the coefficient for ft., 

These rules are designed means carrying easily and 
compact shape these coefficients that they can handled quickly, 
without tabulation. better method, however, would curve 
governed the different points which are used the calculations, and 
then determine the coefficient for each foot length from that curve. 
The speaker has endeavored find some curve, with simple formula, 
which might used this way, but, far, has not succeeded. 
Perhaps some other member the Society may more fortunate. 
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Am. Soc. E.—The admirable paper entitled 
Criterion for Position Loads causing Maximum Stresses 
any Member Bridge Truss,” presented Hoskins, 
Esq., affords interesting mathematical treatment the problem, 
and isa valuable contribution the theoretical literature this 
subject. 

The speaker desires, however, the present time, discuss 
briefly the necessity for finding this position, rather than the method 
accomplishing the object. 

Such discussion naturally merges with the discussion concen- 
trated versus uniform loads, for the main object finally attained 
the determination the maximum stresses produced 
members truss the application load within satisfactory 
degree accuracy with the least labor the part the 
computer. 

must conceded that bridge rarely loaded with the exact 
load for which designed, and fixing upon the load used 
making the calculations the object the engineer specify 
such load, either uniform composed concentrated wheel loads, 
will produce stresses least equal to, and preferably somewhat 
greater than will ever reached common practice, making due 
allowance for any probable increase loading the future. This 
being the case, follows that extreme accuracy the calculations 
not essential, and, given satisfactory degree thereof, the problem 
reduces determination the simplest means arriving the 
results sought. 

For ease and quickness computation beyond doubt that 
uniform load preferable, and the speaker favor the adoption 
such loads, the railroad engineers can induced specify them 
when requesting propositions for bridge work. Notwithstanding, 
however, the extended discussion this subject the members 
this Society, and the offers which have been made tables indicating 
equivalent loads, comparison the bridge specifications the 
railroads the United States proves that, with very few exceptions, 
the engineers these roads still prefer specify loading consisting 
series concentrated loads representing typical locomotives 
followed uniform train load, and, the computing department 
bridge works, becomes necessary take things they are 
rather than they might be. 

becomes, then, important matter determine the simplest 
manner preparing the stress sheet and especially within what limits 
necessary determine the special position the load which will 
produce each member the maximum stress. With this object 
view, the speaker has prepared comparative stress sheets for spans 
125, 150, 175, 200 and 300 ft., based upon loading Cooper’s 
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Specifications, the stresses being computed five different methods, Mr. Cowles. 


and has tabulated the results showing the differences arising from the 
use the respective methods (Table No. 5). The basis the 
comparison Method which the position the load shifted, 
accordance with the formulas the author, produce the 
maximum stress each member. Method based upon the use 
fixed series panel loads headed the maximum floor-beam 
concentration, progressing the bridge panel time for suc- 
cessive shears, and covering the entire bridge for all chord 

The effect the small panel load advance the maximum head 
load disregarded. Method Cis based upon uniform load which 
will produce the same end shear Method Method based 
upon load which will produce the same moment the 
center Method Method based upon uniform load equal 
the following train load with two additional concentrated loads, 
two panel lengths apart, which will produce the same end shear 
Method The quantities given are thousands pounds, and 
represent shears not multiplied the secant inthe case web 
members, and chord stresses for depth equal panel length, that 
is, not multiplied the tangent. uniform panel length ft. 
was adopted. 

The allowable limit variance from the strictly correct stresses 
which may permitted for the sake simplifying the computation 
two-fold: First, the percentage deficiency any member must 
not exceed certain amount; second, the percentage excess the 
total weight the structure must not exceed certain amount, and 
that assumption, for equivalent load which will result the 
smallest percentages variance and the same time afford simple 
means preparing the stress sheet, the one which will naturally 
selected. inspection the table will show clearly the limit 
variance involved each these methods, but general may 
stated that Method gives the smallest percentages, taking both 
considerations into account. That is, while Method avoids deficient 
stresses the most important members, requires larger excess 
total material; while Method results reduction total weight, 
the deficiencies stresses are large; and while Method all 
deficiencies stresses, the excess total weight even greater than 
for Method The maximum deficiency stress resulting from the 
use Method is, for 150-ft. span, nothing, for 175-ft. span 0.1 
1%, fora 200-ft. span 2.1% one member only, for 300-ft. span 1.8%; 
while the excess total weight is, for the same spans, respectively, 
0.8, 0.7, 0.4 and less than 0.1 per cent. 

The permissible limit variance matter which each engineer 
will fix for himself accordance with his own sense propriety, but 
seems the speaker that the percentages mentioned for Method 
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Mr. Cowles. are not excessive, when considered that the assumed load itself 


should greater than,the probable actual load margin least 
great the largest these percentages. will remembered 
also that, the case new specification coming into computer’s 
hands, the work involved Method its equivalent, must first 
done order determine the uniform load which may used 
Methods and itis noted that still another uniform 
load must determined for the floor-beam moment and the stress 
the hip vertical. may stated here that determining the 
percentage excess weight for Methods and was assumed that 
the stress the hip vertical given the table would not used, but 
that this member would brought proper size just 
suggested. The calculation for stringers would, course, the 
same for each method. 

the engine excess for Method determined taking the 
difference between the actual engine weight and the weight section 
the following load equal length the length the engine, the 
resulting stresses and the excess weight will even greater than given 
the table. 

case certain specification likely used frequently, and 
method uniform load preferred, naturally advantageous 
prepare series uniform loads, corresponding different lengths 
spans, for use computations; and cannot contended that 
this will not effect saving time after the series once prepared, 
but the amount this saving is, the opinion the speaker, much 
overestimated discussing the relative merits the different 
methods. important factor affecting the simplicity computa- 
tion the orderly and systematic arrangement the mathematical 
work, and this matter each engineer will adopt such system 
him will seem the quickest and easiest obtain the desired result. 
The speaker has been accustomed using Method and the system 
adopted him, which doubtless used others, affords reason- 
ably quick process and one which compares favorably with the method 
uniform loads. recently noted the time occupied making 
the computations for the truss members 300-ft. span with hori- 
zontal top chord and having panels, giving odd panel lengths. 
The load used was Having first determined the 
panel length, which must done any case, the panel loads were 
determined minutes and the complete shears and moments, ready 
for multiplying secant and minutes more, 
minutes all. 

There does not seem much room here for saving time 
the use another method, even the equivalent uniform excess 
loads have already been determined. 

There nothing new claimed for this method; fact may 
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called old-fashioned, but this comparison indicates that gives Mr. Cowles. 
reasonably close results and not laborious slow. 

The speaker has not had time make similar comparisons for 
subdivided curved top trusses, but has reason suspect that 
the limits variance would any greater these cases than those 
investigated, and therefore feels confident that, while railroad 
engineers retain preference for type loading which they can 
readily compare with actual engines use their lines, satisfactory 
stress sheets may prepared without undue expenditure time and 
labor. will, however, welcome such change attitude, the 
part these engineers, will result reduction the number 


varying loadings and admit the adoption limited number 
standard loads, preferably uniform. 
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TABLE No. 5—(Concluded). 
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Mr. Cowles. 


Assoc. Am. Soc. E.—For several years the mr. Scofield. 


speaker’s time has been devoted the designing truss bridges. 
has used both methods calculation, and not favor the method 
wheel loads. each new engine loading necessary make 
table, which has checked carefully, and, this 
point, the two methods same. Aside from that, the speaker 
can compute uniform loads from end shear and figure the stresses 
bridge about one-quarter one-tenth the time required the 
exact wheel-load method, thus saving much time and largely avoiding 
danger from mistakes. 

the uniform method, after checking the end shear, all the stresses 
the bridge can found from minutes, and checked 
beyond all possibility error. the wheel-load method the speaker 
has never been able make the calculations and check them such 
short time; generally takes from four ten times long, and then 
does not afford such ready means checking. fact, the speaker 
has seldom made such calculations wheel loads without making 
parallel columns similar calculations uniform load check; and 


finds that such method more reliable than attempt 
check wheel-load calculation. 
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using the wheel-load method calculation, the number man- 
ipulations great that man who figuring with various engines 
and various specifications great danger making mistakes; 
whereas the simplicity the equivalent uniform-load method such 
that the calculations can checked avery short time. 

While there are many different methods determining equivalent 
uniform loads, that which bases such loads the shear the end 
panel, is, the opinion the speaker, most satisfactory for truss 
calculations. 

All engineers not agree with this view, uniform load based 
the shear the end panel will give stresses which are exact for the 
end post and nearly exact for the first tie, the error being always 
the side safety and increasing slowly toward the center and being 
greatest the counters where the tonnage involved small and where 
excess metal commended. This method also gives the 
chords little too much sectional area, but, judging from actual tests 
bottom chords, under everyday conditions, little excess metal 
those members likely well placed. 

The argument for exact wheel-loads altogether too refined, 
because the engine specified may never pass over the bridge, and the 
variation due the use uniform load will not exceed ordi- 
nary cases and will not nearly much most the members 
where the weight concentrated. 

the opinion the speaker, well that wheel loads speci- 
fied simply because they are more intelligible, especially the buyer. 
railroad engineer who not dealing with bridges all the time, 
the engineer whose time mostly devoted other kinds work, will 
prefer have wheel loads specified because they mean something 
definite him, which the uniform load does not. 

The speaker believes that, addition specifying typical engine 
actual engine, with its following load, uniform load obtained 
certain, definite way should also specified and required 
used making the calculations. The speaker would specify loads 
based the center moment for stringers and floor beams and the 
the quarter point for girders, and the shear the end 
panel for trusses. This method would give better bridge and would 
save time making the calculations, which would, the end, 
saving the buyer. There are other methods for obtaining equiva- 
lent loads which are not without merit and are alike being preferable 
the wheel-load method. would additional advantage the 
equivalent loads for spans varying small intervals were given. 

Henry Am. Soc. E.—Any movement toward the 
adoption train load with single concentration, instead what 
termed engine, but which has really become equiva- 
lent typical engine, should encouraged. About fifteen years ago 
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was the custom specify all the various types engines which Mr. Seaman, 
might any way produce the maximum strain under varying condi- 
tions. Calling mind the Pennsylvania Railroad 
cations, which were presented the Society about that time Joseph 
Wilson, Am. E., three typical engines were used. These 
were truly typical, and represented very closely the actual weights and 
wheel spacing the various types engines use, such the con- 
solidation, the passenger and the switch engine. But general spe- 
cifications were written for adoption upon various roads, was found 
expedient use one engine diagram which would produce strains 
approximately equivalent the maximum from the three types. 
consolidation engine diagram was outlined for this purpose, and this 
might properly termed equivalent typical engine, produc- 
ing strains approximately equivalent the three types formerly used. 
Some ten years ago the speaker had occasion investigate the 
weights engines for Buchholz, Am. Soc. E., Chief Engi- 
neer the Erie Railroad, and the result this study was given ina 
discussion the paper Disputed Points Railway Bridge 
Designing.” There was engine then use with weight the 
pony wheel exceeding 000 and the weights axle the 
tender case would exceed 000 lbs., with full weight water, 
and with sides boarded carry extra heavy load coal. To-day 
the typical engines, rather the equivalent typical engines, are shown 
with 000 the pony wheel, and some instances with 000 
lbs. each tender axle, which variation 25% from actual 
conditions. other words, are designing bridges for loads which 
not exist, and which cannot come upon them. 

Mr. Pegram’s the papers ‘‘What the Life 
Iron Railroad and American Railroad Bridges,” well 
reviews some the text books, indicate that uniform train 
load with single concentration may produce strains generally 
within 10% the engine specified. This would seem about close 
the equivalent typical engine, generally used, would come the 
actual load, and, so, much labor would saved the adoption 
the single concentration method. The question, therefore, would 
appear be, not whether the method wheel concentration should 
continued, but what equivalent load should used? should 
give results approximately equivalent those obtained practice; 
but the same time the method should concise permit 
its insertion specification. 

is, perhaps, unnecessary discuss further the fatigue formula. 
The Launhardt formula, which now used number the larger 
trunk lines, precise precise experiments which 
are never precisely repeated practice. study these same 
experiments indicates that consider the destructive effect live 
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strain about twice that dead strain, will obtain even better 
general results than the Launhardt formula, and since this general 
ratio 2to has long been adopted the better bridge practice, 
there justification for the use the Launhardt formula. 

necessary make the matters typical loads, impact, proper 
unit strains, fatigue formulas, structural motion, personal predelic- 
tions column formulas, assessment riveted members, proper 
differences for soft and medium steel and many other elements 
bridge design which depend the personal views the designer, 
render any hair-splitting nicety absurd, either computing the strain- 
sheet applying the various rules for deducing sections after the 
strain-sheet determined. 

The railroad official who buys bridges and who does not know how 
design them must have method which can trust for specifying 
what wants, both loading and the translation that load into 
the final sections the bridge members. 

Without question, definite engine loading understood much 
more readily such official than table diagram uniform 
loads; and Cooper’s specification some other generally accepted 
one confidently referred him with the supposition that 
gives clear-cut and sufficient set rules guide all competing 
bridge builders translating the prescribed load into the desired 
bridge. 

The usefulness the engine loading disappears the bridge buyer 
designs his own bridges. The writer has used the uniform-load 
method exclusively for the last years, both for designing new 
bridges and examining old ones, and finds every way satisfactory 
and ample, all cases, cover the whole ground. 

The competing bridge builders who must prepare designs and 
tenders for the various loadings and specifications offered have the 
worst it. 

They must find the absolute maximum strains, the consulting 
engineer whom the tenders are referred will throw out their plans; 
and they must not make such liberal assumptions will cause them 
use more metal than absolutely needed, else their keener com- 
petitors will underbid them. case full and exact figuring 
the last possible permutation with them every specification offered, 
and all this with the dreary knowledge that not more than one bid 
dozen will result actual contract. 

Unless the bridge buyers can brought specify uniform loads 
for their bridges difficult see how the overworked builders 
can helped. One set loads for moments and another for shears, 
some have recommended, can hardly appeal their sense con- 
sistency. uniform load plus single rolling load, many ad- 
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vocate, will not afford them much chance for comparison with familiar Mr. Snow. 
structures train weights. 

single set uniform loads giving the same center moment 
the maximum wheel loads assumed serves the basis all the 
writer’s computations and seems him the simplest and most 
easily comprehended any that has seen advocated. The floor- 
beam load is, course, the panel length multiplied the per 
foot corresponding span equal twice the panel length. This 
load used head load getting the web shears, the following 
panel loads being those used for the chord moments. neglecting 
the partial load ahead the point under consideration excessive 
shear obtained, but many good designers advocate this practice, 
and, the writer’s opinion, justified, from the fact that under 
fast moving train the web members appear much more disturbed 
than the chords. 

Shear longitudinal girders obtained using 57% the total 
live load for the end reaction and 19% for the center shear. 
mediate shears are proportional these. The actual maximum shear 
produced set wheel loads expressed graphically flat 
curve; but the straight line given the above percentages covers its 
maximum points and gives small surplus the quarter point 
the span. 

system loads for all spans cannot properly made from 
single class engines. Heavy passenger engines with two driving 
axles, tank shifters two axles close together, must used for 
spans less than ft., while consolidation engines will govern 
long spans. Car loads are heavy present that the customary 
legend two engines followed certain train load may well 
abandoned, and continuous string typical engines used ob- 
taining moments. 

appears the writer that prominent bridge engineers could 
bring themselves re-write their specifications, giving simple tables 
curves the uniform loads per foot corresponding various sets 
typical wheel concentrations, and give rules for using these loads 
for all cases, that the bridge buyers would quickly fall into line and 
the situation would relieved. 

The speaker would vote unreservedly favor discontinuing the 
method wheel-concentrations determining the stresses railroad 
bridges. 


Epwin Am. Soc. (by letter).—The specifica- Thacher. 
tion the writer ever saw giving wheel concentrations basis for the 
calculation stresses due live load was issued the Cincinnati 
Southern Railroad about Previousto uniform 
loads had invariably been used calculations; unit stresses being 
varied arbitrarily suit length span and location member. 
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This specification gave live-load diagram two 10-wheel engines, 
tons ft. and tons ft., followed 820 lbs. per lineal 
foot. The writer was then employed Assistant Engineer for the 
Louisville Bridge and Iron Company, Louisville, Ky., which the 
late Albert Fink, Past-President, Am. Soc. E., was President. The 
specification was received the morning’s mail, together with letter 
inviting proposals for several bridges early date. 

The combined talent the office was assembled, and that specifi- 
cation was thoroughly discussed. was voted unanimously that the 
specification was absurd; that engine such weight had never 
been heard of, and would never used the Cincinnati Southern 
Railroad any other; that design bridges for such load was 
reckless waste money, and that tospecify such load was out- 
rage. After this feeling bad had time cool off, was fully realized 
that this load must used calculations, and that the estimates and 
strain sheets must prepared speedily, and the all-important ques- 
tion was how This was before the days moment tables, 
moment diagrams, and before any investigations had appeared 
giving the exact location load for the maximum stress any 
member. 

Late the afternoon that day, Montfort,.M. Am. E., 
now Chief Engineer the Louisville and Nashville Railroad, sug- 
gested method calculation that was once adopted, and which 
gave results near enough for all practical purposes. The first driver 
was placed over panel point and the panel weights resulting from 
such location were used the calculation, and, for double intersection 
bridges, which the stresses are somewhat ambiguous best, not 
much improvement can made that method to-day. 

Specifications giving wheel concentrations, once introduced, came 
rapidly the front, and short time all the railroads were line, 
each with different kind load, and the bridge companies should- 
ered their burden, which they have continued carry ever since. 

The writer has been satisfied for many years past that the method 
wheel concentrations the calculation bridge stresses was 
waste time, and has done what could correct the evil. the 
specifications the Keystone Bridge Company 1887 and 1890 are 
given tables for equivalent uniform loads for engines ten different 
weights, from 44-ton narrow gauge, 112-ton decapod, and for spans 
from ft. 300 ft. length. For spans ft. and less (70 ft. being 
about the maximum length plate girders used that time) the 
uniform loads are such will give maximum center moment; and 
for spans ft. and upward, such will give maximum end 
shear. These tables have extensively used, results 
practically the same the wheel loads, and one-tenth the time. 
prepare moment table for new loading some labor, but when 


Mr. Thacher. 
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once prepared, the equivalent uniform load for any span can found, Mr. Thacher. 
aid the slide rule, few minutes. 
was the practice the writer years bridges, 
using wheel concentrations, and check the method uniform 
loads, but gradually came use uniform loads altogether, except 
special cases, generally confined cases litigation reconstruc- 
tion. 
appears the writer that the railroad companies would, 
proper representation, agree four five typical loads, ranging 
from light the heaviest use, some one which they would 
willing adopt for their bridges. expert bridge engineer these 
could soon tabulated for convenient use, giving the moments and 
shears required girder calculations, and the equivalent loads 
used the calculation trusses, thus saving immense amount 
useless labor repeated over and over again. The writer satisfied 
that this result will never accomplished the efforts any one 
engineer, however meritorious his scheme, but believes can accom- 
plished Special Committee this Society. 
Few engineers believe that Launhardt’s formula should used 
designing bridges account any fatigue the material due 
repeated application load, but the writer believes that modifica- 
tion this formula the best thing yet devised for taking account 
impact the distribution bridge material. 
Min. 
Max. 


reduces and both give practically the same result. 


generally conceded that live load has worse effect bridge 
than dead load, and the above formulas assume that has double the 
effect, but they can varied suit any ratio desired, and the results 
are consistent with each other. The writer could never see any merit 
the arbitrary rule-of-thumb methods that will add 25% for girders 
ft. long, and 15% girders ft. long; and 10% 
that; and will continue advocate the above modification 
Launhardt’s formula until something better proposed. 


Am. Soc. (by letter).—In 1891 the Mr. Waddell. 
writer presented this Society paper entitled ‘‘Some Disputed 
Points Railway Bridge Designing,”* which advocated the adop- 
tion few standard train loads for railroad bridges, instead tke 
numerous ones then use, offering instead set live loads for dis- 
cussion, and urging that the Equivalent Uniform-Load Method 
adopted instead the tedious, burdensome, hair-splitting and heart- 
breaking method Wheel Concentrations.” 
The thorough discussion which this paper received, and the favor- 


The writer prefers the form, 


Cooper’s specification 


Transactions, Am. Soc. E., Vol. xxvi, 77. 
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TABLE No. 1—(Continued). 
Batter 0.4 danger. 1.4 danger. 0.3 danger. 0.7 safety. 1.5 danger. 1.8 danger. 
1st top chord........ ..| 0.1 danger. danger. 0.1 danger. 0.7 safety. 1.4 danger. 1.4 danger. 
top chord........ 1.1 danger. 0.1 danger. 0.7 safety. 1.5 danger. 1.2 danger. 
for} 
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Chord members. 


1st top chord........ 
Bottom chord....... 


top chord........ 


1st top 
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Web members. 


Batter 
1st main diag......... 
1st counter........... 


Batter brace ......... 
1st main diag......... 


Batter 
1st main diag......... 
2a 
8d “ 
Ist 


Batter brace ......... 


4th 
Ist counter........... 


= 
S 


Equivalent- 
uniform 
system. 


a 


ct 


Single-excess Double-excess 


system. 


danger. 


Equivalent- Sin 
gle-excess Double-excess 
system. system. 
1.8 danger. 7.5 safety. 1.2 danger. 
4.5 safety. 5.8 safety. 
4.9 0.8 danger. 
1.4 safety. 6.0 
7.2 “ 85.0 12.8 “ 
0.6 1.4 danger. 
2.6 “ 4.7 “ 1.6 
1.1 danger. 0.9 
0.2 0.8 danger. 
1.8 safety. 
2.8 2:6 0.1 
7.5 40.3 17.0 
0.7 0.1 1.3 danger. 
danger. 
0.3 danger. 0.7 
1.3 0.8 safety. 0.1 
2.4 5.9 8.1 “ 
1.7 safety 22.9 13.0 
0.6 1,1 1.5 danger. 
1,9 0,3 safety. 1,5 
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Mr. Waddell. able opinions most those who discussed the questions, and the 


technical press, induced the writer carry farther his investigations 
and make earnest endeavor establish few standard live loads 
and the simpler method computing stresses. 

The reviews the technical press started series papers the 
writer and others, which were printed the Railroad The 
Engineering Record. 

These showed conclusively that the ‘‘Equivalent Uniform-Load 
Method” gives results which are accurate enough for all practical 
purposes, and which are more accurate than those which are obtained 
either the Method” the Double-Con- 
centration Method.” Concerning the accuracy this, there appears 
still some doubt the minds few members the Society, 
shown opinions expressed this discussion, the writer gives 
herewith certain tabulated results computations made some years 
ago for the special purpose comparing the three alternative methods 
with the so-called exact method, all tabulated figures having been 
checked two computers working entirely independently each 
other. The span assumed for comparison was one 200 ft., which 
not far from the average span length for truss bridges America; 
and the live-loads adopted are those Classes and the writer’s 
Standard System Live Loads for Railroad Bridges.” 

For trusses, the equivalent uniform load used each case 
average those figured for each panel point. This, for nearly all 


spans, almost exactly the same the equivalent for the quarter 
points. 


anD 


system. system. system. system. system. 
mone. 14.0 safety. 14.0 safety. none 19.9 safety. 19.9 safety. 
30 2.11 72.1 “ 1.2 1,2 “ 
50.... 0.0 0.0 ve 8.2 8.2 
80 0.0 0.0 “ 1.9 “ 1.9 

100... 0.9 “ 0.9 1.2 1.2 
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Sas = 

Equivalent 

system. system. system. system. system. system. 
none 22.5 danger. none. 45.4 safety 3.0 danger. 


these tables the best possible showing was made for both the 
Method,” and the 
Method,” inspection will show. 

The single concentrated load for each class was found ascer- 
taining, for each main diagonal and each chord section 150-ft., 
300-ft., and 500-ft. span, the single concentrated excess load, 
which, addition the uniform car-load, would produce the same 
shear moment that found the wheel-concentration method. 
These excesses for each span were then averaged, and, finally, the 
average these averages was taken the most nearly correct excess 
load for main-truss members. The results were, respectively, for 
Classes and 372 lbs. and 368 

Next, the average single concentrations for all plate-girder spans 
between ft. and 100 ft. for both classes were determined, and found 
be, respectively, 24577 and Now, the floor 
system quite important the trusses, was deemed proper 
average these concentrations with those found for main-truss mem- 
bers, order determine the final single concentration for each 
class, thus making the said final concentrations, round numbers, 
000 Ibs. for Class and 000 Ibs. for Class 

applying these both floor systems and trusses, the errors 
found were great show conclusively that single concentra- 
tion can assumed which, combined with the constant car load, will 
give results that even approximate those found the concentrated 
wheel-load method. 

became necessary, therefore, adopt one concentration for the 
floor system and another for the trusses, order make any show- 
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ing all for the system. For Class there were used 000 for 
the floor system and 000 lbs. for the trusses, and for Class 000 
Ibs. and 000 respectively. applying these, was found 
necessary make still another compromise, viz., use the truss con- 
centration computing end shears plate-girder spans and floor 
systems. 

Adopting these compromises, and making calculations thereby, 
gave the percentages error shown Tables Nos. and the 
columns Single-Excess system.” 

The double concentrated loads for the two classes were found 
making some extensive calculations. These loads varied from 000 
for Class 000 for Class using these, the per- 
centages error Tables Nos. and under the headings 
System,” were ascertained. 

study Table No. shows that the equivalent uniform-load 
method much more accurate for main-truss members than either 
the single the double-concentration method, and, referring 
Table No. seen that, while the equivalent-uniform load gives 
exact results (or due consideration for regularity the 
curves will permit), both the other methods, especially for short 

spans and stringers ordinary length, give large errors, notwith- 
standing the fact that there were adopted different concentrations for 
floor systems and trusses. 

order eliminate entirely the personal equation from these 
tables, Table No. was prepared collecting the greatest summa- 


tions percentages error for both chords and webs, counters being 
ignored: 


uniform excess excess uniform excess excess 
system. system. system. system. system. system. 
|Chord 4.6 6.7 7.5 0.4 
7.0 15.6 7.6 6.3 18.5 6.5 
150 Chord 0.2 0.2 1.4 2.0 2.2 0.2 
Chord 0.3 0.3 1.5 1.6 0.4 
1.9 8.9 7.0 2.6 9.7 5.8 
250 Chord 0.3 0.3 0.9 1.8 1.4 0.3 
0.6 6.9 5.8 2.8 4.6 
Chord 0.8 0.8 0.5 1,1 0.5 
Web 0.6 5.5 5.0 8.5 5.6 
400 Chord 0.5 0.5 0.3 0.7 0.7 0.3 
Web 1.0 3.8 3.8 8.9 3.9 2.9 
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sum was taken, but when they were the same kind their 
numerical difference was taken. 

study Table No. shows that, far chord stresses are con- 
cerned, there but little choose from between the three methods, 
but that, respect web members, the equivalent uniform-load 
method very much more accurate than either the single-excess 
the double-excess method. 

Summarizing, evident that the following have been proved: 

1st. The equivalent uniform-load method, for all bridges types 
sanctioned the best modern practice, gives stresses agreeing 
well for all practical purposes with those found the 
concentrated wheel-load method. 

2d. That there combination constant car load per lineal 
foot and concentrated load which will give, for all members 
trusses and floor systems, stresses which will agree even approxi- 
mately with those found the concentrated wheel-load method. 

3d. That even for any system loading two separate single 
concentrations adopted, one for floor systems and the other for 
main-truss members, the said single concentrations cannot 
give results agreeing sufficiently well for practical purposes 
with those found the concentrated wheel-load method. 

4th. That two engine excesses placed about ft. apart panel 
points adopted connection with constant car load per lineal 
foot, the stresses obtained thereby members floor systems and 
trusses not agree sufficiently well, for practical purposes, with 
those obtained the concentrated wheel-load method. 

Now, the strength this showing, what the use talking any 
more about using constant car load per lineal foot headed either one 
two concentrations? the last two methods requires, 
making calculations stresses, fully double the time and labor required 
the equivalent uniform-load method, and means accurate. 

There method computing live-load stresses simple and 
easy that which involves the use properly figured uniform loads, 
80, why not adopt for good and all, are abandon future 
the use the Wheel-Concentration Method 

And surely the time has come abandon the latter method 
forever, one may judge the unanimous opinion those who 
took part the oral discussion the question. 

respect Mr. Morison’s proposed method, must evident 
all that instead simplifying matters would complicate them 

worse than ever. 

The objections which railroad engineers offer using live loads 
which they cannot understand readily, and which, least their 
minds, not approximate actual train loads, well founded. 


When the extreme errors were opposite kinds, their arithmeti- Mr. Waddell: 
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Let each railroad engineer who desires have bridge designed 
choose combination two locomotives and train cars 
indefinite length weighing certain number pounds per lineal foot, 
and, the same diagram upon which this loading drawn scale, 
let there drawn also the curves for equivalent loads and for end 
shears plate-girder spans; and let there written thereon note 
the effect that the curves are used instead the actual wheel 
concentrations. 

But, instead each engineer having live load his own, why 
not variety live loads differing from each other uniform 
gradations from which anyone can choose load suit his require- 
ments? 

November, 1892, the author sent circular-letter all the 
chief engineers railroads the United States and Canada who were 
members (in any grade) the American Society Civil Engineers, 
and every other member that society connected with specially 
interested the designing, building operating railroad bridges. 
This letter solicited ballot certain Disputed Points Railway 
Bridge Designing,’ foremost among which were those standard live 
loads and simple equivalent method for computation. The number 
responses received was great could have been expected; and 
the result was that about 82% those who voted favored, and 18% 
opposed, the adoption Standard System Live Loads for Rail- 
way Bridges’ similar that proposed the author. Eighty-two 
per cent. also those who voted were favor abandoning the 

‘Concentrated Wheel-Load Method,’ and 18% were favor retain- 
ing it. the former, 78% favored the Equivalent-Uniform Load 
Method,’ and 22% were favor either the ‘Single’ the Double 
Concentration Method.’ number gentlemen who responded 
made valuable suggestions respect the standard system live 
loads propounded, and the aid these the author prepared 
proposed ‘Compromise Standard System Live Loads for Railway 
Bridges,’ and submitted the same, before, for final ballot May, 
number replies received showed that great interest was 
taken the question; and the result the ballot was 90% favor 
and 10% opposed the proposed standard. 

Next the pamphlet was published and distributed quite generally 
among those engineers interested the subject bridges, copy 
being sent not only every one who had replied the ballots, but 
also every railroad chief engineer the United States, Canada and 
Mexico whose address was given Poor’s Manual. these chief 
engineers there was also sent another circular-letter with ballot that 
read follows: 


Live Loads for Railway Bridges” when calling for bids railroad- 
bridge work, when having plans prepared for railroad bridges.’ 


specify that the Equivalent Uniform-Load 


not agree 
used computing stresses the bridges that are 
designed for road.’ 
Over one hundred chief engineers thus addressed voted favor 
both propositions, and very few were opposed.” 
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The Compromise Standard System Live Loads for Railroad Mr. Waddell. 


Bridges has now been use for six years, and all who have used 
and its equivalents endorse heartily both the loads themselves and the 
equivalent method calculating stresses. 

Unfortunately, locomotives and cars have both grown somewhat 
heavier since the writer’s pamphlet was issued, that now neces- 


sary add the live loads S,” for which the axle loads would 
follows: 


Alternative axle load, 000 lbs. each, two axles only. 

The equivalent curves can drawn the diagrams eye, cor- 
rectly enough for all practical purposes, simply extending upward 
the spacing the curves. 

There one point connection with all these equivalent curves 
which the writer desires call attention, viz., the equivalent loads 
which they represent were figured for cars preceding well fol- 
lowing the locomotives, the case chord stresses. 

The writer desires also call attention the short method, 
evolved him some eight years ago, computing for any truss, 
one simple graphic diagram and the use slide rule, all the 
main-member stresses, both direct and reverse. 

The method follows: 

Assume that there upward reaction one end the span 
equal 100 000 caused unknown load placed the first 
panel point from the other end the span, then find graphically the 
stress each web-member from end end span, caused this 
assumed upward reaction. Then calculate the value the live-load 


reaction for the maximum stress each web-member means the 


slide rule and the following formula and table which the 
number panels the span, the number the panel point 
the head the train, counting from the loaded end the span, and 
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Then, still using the slide rule, find the greatest live-load stress 
each web-member the following equation: 
Stress required Stress from Assumed Reaction 
Actual Reaction 
Assumed Reaction 
Where the panels are divided, the Petit truss, and where 
inclined sub-posts are used, the tensile stress the upper each 
main diagonal thus found will have corrected subtracting 


therefrom stress equal See. where the inclination the 


diagonal the vertical. But when inclined sub-ties are used instead 
inclined sub-posts, the correction just referred will apply only 
the compressive stresses the lower halves the main diagonals. 
The reason for making this correction, will once evident 
any one who accustomed finding stresses Petit trusses, that 
the method above the subdivision the panels when 
ascertaining the stresses caused assumed upward 
reaction. 

The writer’s sole reason for again bringing forward this quick 
method that would like bridge engineers learn use and 
thus save themselves from wasting much valuable time and energy, 
cuts down the work computing web stresses very small 
percentage the amount usually expended thereon. 

conclusion, appears from the opinions advanced the oral 
discussion, that the time has come drop from engineering practice 
and relegate text books, where can still serve excellent 
example mental gymnastics, the pseudo-exact, laborious and 
tedious method Wheel Concentrations, and adopt instead some 
simpler methods; consequently, the writer herewith proposes that the 
Standard System Live Loads for Railroad Bridges 
and the Equivalent Uniform Load Method” computing stresses 
adopted the profession for general practice. 
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STREAM CONTAMINATION AND SEWAGE 
PURIFICATION. 


Informal Discussion the Annual Convention, June 28th, 1899.* 


FoR 


(a) Stream Contamination the Sewage Cities abso- 
lutely prohibited law?” 


and this feasible for large cities?” 


(c) Filtration the coming solution the Pure-Water Question 
for Cities?” 


and 


Am. Soc. E.—This question has been sub- Mr. 
divided into the first being: ‘‘Should Stream Contamina- 
tion the Sewage Cities absolutely prohibited law 
This question may answered the affirmative the ground 
the common-law principle: Each must use his ownas not injure 
any other.” individual can discharge filth other objectionable 
matter into ditch drain which traverses the field his neighbor. 
attempts the court will afford the injured party 


remedy. acity, town village defiles stream with sewage, the 


The discussion this subject, for which formal paper was presented, printed 
Proceedings order that the views expressed may brought before all members 
the for further discussion. (See rules for publication, Proceedings, Vol. 
71. 

Communications this subject received prior September 23d, 1899, will printed 


Proceedings, and subsequently the whole discussion will published 
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law already existing remedy, and has been applied many cases 
which could cited. 

The presentation this topic for discussion this Society does 
not imply any doubt this recognized law, but, perhaps, intended 
call the attention engineers its existence and the necessity 
for its extension questions which, this country, may arise between 
the people adjacent States, the defiled stream boundary, 
passes from the territory one State into that another. That 
say, there not necessity for general law which will embrace all 
States, and will settle all questions which arise between States 

Several the States exert their powers prevent contamination 
streams the cities under their jurisdiction, but there is, yet, 
statutory provision protect against contamination the sewage 
cities other States. If, the indifferent mistaken policy 
one State, its cities, great small, are allowed defile the streams, 
must the people other States suffer for lack adequate remedy 

The established law referred has not been enforced many cases 
where the transgressor city, but the transgression being for time 
condoned does not establish right transgress for all time. the 
country increases population, the pollution streams will increase 
and will quickly pass beyond possible toleration. 

the speaker views the matter, law more imperative than any 
statute should control every engineer who has with the sewerage 
plans cities; and should foresee and provide for the disposal 
sewage eventually, not immediately, another manner than dis- 
charge crude form into streams. Anything short this not 
worthy called plan for sewerage system. 

The City Chicago has for years been preparing channel for the 
discharge its sewage through its back door, that this sewage will 
pass the front doors other cities, and some these other cities are 
not well pleased the prospect, especially since the demonstration 
that certain diseases are water working and that the pathogenic bac- 
teria are tenacious life. The topic under discussion would 
important one Chicago did not exist, but the Chicago case gives 
much emphasis the topic the present time, for scheme 
permanently, and scale, what everyone must admit should 
not done all—a scheme which to-day without avowed 
designer and almost without defender. 

There was time when many believed that the water river 
purified itself. Others firmly believed that dilution point beyond 
the reach refined chemistry must render such water innocuous. The 
Chicago scheme had its origin when these beliefs were 
scheme, involving the expenditure more than $30 000 000, has pro- 
gressed, notwithstanding the passing the faith upon which was 
founded, and now the only plea that advanced for its consummation 
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the fact that $28 000 000 and more have been expended and Mr. 
now too late for objectors state their objections. 

This brings the consideration the second topic: Should the 
Purification the Sewage Cities Compulsory; and this feasible 
for Large Cities 

The answer the first part this proposition follows that given 
for the preceding topic. streams are not contaminated, their 
sewage must purified; for water the only known vehicle that can 
carry the wastes human life and industry away from our homes and 
shops. That such can purified that the effluent may entirely 
unobjectionable has been demonstrated beyond occasion for further 
discussion. How it, each case that may arise, the work 
engineers, plan, execute and operate. 

There casuistry the assertion that this matter the end 
justifies the means, even when the difficulties surrounding the end 
require large and many means. 

its feasibility for large cities there are too many old-world 
examples successful solution for American engineers hesitate 
the answer. can done, and are the men who can doit. 

The third topic comes round out the discussion: Filtra- 
tion the coming solution the Pure-Water Question for Cities 

Asked connection with the preceding topic, the question may 
taken suggestion that the sufferer from sewage contamination 
water supply must protect himself, and thus relieve his up-stream 
neighbor his obligation. 

meet this suggestion sufficient mention the fact that the 
sufferers not all live cities, and are notable protect themselves. 
There are evils from such contamination not measurable the results 
bacteriological examination for specific microbes. There also 
contamination water the drainage lands outside cities that 
sooner later will justify and even compel resort filtration the 
water supply cities. 

The doctors may say that they can cure large percentage cases 
diphtheria, for instance, but the wise mother does not expose her 
children infection the chance that all cases her family will 
cured. 

Therefore, filtration may promise remedy for defiled waters, but 
that does not imply that the filtered water would not better and 
safer had not been contaminated. 


Am. Soc. E.—The question stream pollu- Mr. Parmley. 
tion one that concerns almost every city. pollution the 
water courses permitted, then all the sewage must purified, 
and the question resolves itself into one expense. Small towns, 
those larger size, which are favorably situated, may adopt some 
method ultimate treatment comparatively small cost, but the 
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Mr. Parmley, case many, not indeed most, the larger cities, the expense 


involved such treatment would very great burden, not 
altogether out the question. Insistence upon absolute freedom 
from pollution would make the interception sewage and the overflow 
storm water impossibility. 

The whole matter one which the ideal set over and against 
the practicable—the desirable but extremely difficult attain, against 
the less desirable but practically possible—but more important 
that all the water drink should free from impurities than that 
the air breathe and the food eat should pure and wholesome. 
insist, however, upon high degree purity stream from 
which drinking water drawn, most only stock water, 
require heavy payment for very small benefits, and many streams have 
long since ceased furnish even the latter supply. 

The only other cases necessary consider are those which the 
odors arising from polluted stream become unpleasant harmful, 
where the sight turbid colored waters the refuse left them 
along their banks objectionable for sentimental reasons. 
The sanitary welfare the people within the area affected the ulti- 
mate and only condition insisted upon. 

Even the earlier development our cities the natural drainage 
courses soon become polluted local discharge that drinking 
supplies are likely taken from them, and remains deter- 
mined whether the pollution that has already occurred shall 
removed not. most this pollution from factory wastes 
from the washings stables and privy vaults, isa source impuri- 


ties nearly impossible avoid. While the drainage area remains 


suburban, the cost adequate sewerage would too expensive 
borne sparse population isolated manufacturing company, 
and when the density population becomes sufficient make 
thorough sewerage possible, the soil and water-courses have already 
become polluted that many years would required thoroughly 
then, those who have had experience will testify, 
impossible prevent entirely the clandestine discharge some 
sewage into the streams. follows, then, that the smaller courses 
which are not entirely taken into the sewerage system will have con- 
siderable degree pollution. Just the percentage that may allowed 
impossible state, but dependent the character the 
polluting the climatic and many other conditions. safe 
say, however, that stream should permitted become be- 
fouled give off offensive effluvia and gases, thus showing that 
contains large amount putrefying matter. these streams 
should diverted into the sewers, the whole stream taken 
large trunk sewer. 

The question permitting storm water from sewers overflow into 
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water-courses important many cities. such overflows are not Parmley. 


allowed, the cost the sewers thus required, over that where the 
overflow system permitted, item mean proportions. 
The engineering department the City Cleveland has the present 
time contention with the Board Park Commissioners regarding 
the overflow storm water from sewer into stream; and 
finaliy settled that the sewer cannot permitted overflow, the cost 
the sewer will about $250 000 more than were constructed 
with storm-water overflows. another instance the local court has 
issued restraining order prevent the discharge excess storm- 
water into stream which already highly polluted. The final settle- 
ment the case great importance, upon this decision will 
depend other important projects the sewerage that city. The 
court apparently ignored the important facts brought out the trial, 
viz., that this overflow would not operate except case excessively 
heavy storms when the water would discharged for perhaps 
minutes, that these overflows would probably occur only few times 
during the season, that the actual stream time flood would 
nearly impure the water overflowed from the sewer, and that even 
were not, the time maximum flood the stream would after 
the sewer had ceased overfiow and the stream would continue flow 
with large volume for many hours afterward, thus washing away the 
last traces any fancied pollution. 

sewers are not allowed discharge overflow into natural water- 
courses, many instances the double system sewerage will become 
absolute necessity. Ifthe sanitary sewage conveyed proper 
outlet through separate sewers and all the storm-water flow the 
natural drainage channels, either through storm sewers directly 
over the ground, the water discharged therefrom will usually more 
foul than that which reaches them from the storm structures 
the combined sewers. all engineers have probably noticed, the 
first washings the street surfaces are extremely foul, and the 
system overfiows this foul water carried the sewer outlet while 
portion the cleaner washings that occur later the storm mixed 
with the normal volume sewage will escape from the overflows into 
the stream. 

If, however, the contaminating effect street water neglected 
and only the effect sewage from the sanitary flow considered, and 
the entire volume dry weather flow the sewer defined 
the first case above cited was shown that the maximum 
degree pollution, that is, when the sewer just the point 
overflowing, sewage about street water, and when the 
structure discharging its maximum volume overflow the propor- 
tion sewage street water. Now, consider the degree 
pollution the stream into which this discharge made and the 
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proportion pollution much less proportion the volume 
water already therein. 

matter the simplest observation show that many cases 
the water escaping from overflows time storm not more foul 
than that the swollen waters the flowing stream. being thus 
impossible prevent the pollution small courses flowing through 
thickly populated areas, seems unwise attempt preserve 
them greater degree purity than that required prevent their 
contaminating the surrounding air, and when they are short, 
their velocity flow rapid, that outlet reached point 
beyond which unnecessary consider their impurities, and 
before those impurities have had opportunity decompose, the 
further expenditure money, order preserve high degree 
purity, would needless waste. 

The matter then suggests the following conditions with their appro- 
priate treatment: 

bodies water from which potable supplies are 
drawn should preserved the purity required the most 
advanced sanitary science, and such purity can obtained 
other way, the supply should properly purified before being used. 

2d.—Streams ponds which have sluggish motion with consequent 
tendency stagnation should kept free possible from sewage 
pollution order that their emanations may less dangerous. 

3d.—Streams which the rapid which the courses 
are short that stagnation and decomposition are impossible within 
the limits time necessary consider, may used advantageously 
for the overflow excess storm water, the direct outlet fora 
limited number sewers. 


GARDNER Assoc. Am. Soc. E.—It would 
interesting determine, possible, where draw the line the 
limit the stream which not used source potable water. 
Nearly all streams flow into others into lakes, and some point 
drinking water being taken from them. 

interesting case came under the speaker’s observation, while 
was connected with the water supply Detroit, Mich., which involved 
the investigation typhoid epidemic that city 1892. 

Port Huron situated the head the St. Clair River and the 
foot Lake Huron. The distance water from Port Huron 
Detroit about miles, about miles which through Lake St. 
Clair, where the current very slow, and which acts monstrous 
settling basin, giving ideal conditions for sedimentation and the conse- 
quent purification the water. The sewage Port Huron 
discharged into River, stream, which flows 
through the center the city and receives sewage from both sides. 
The current Black River practically nothing, except time 


4 
7 
q 
4 


Papers. DISCUSSION STREAM CONTAMINATION. 411 


freshet. water for potable purposes taken from this stream, but Mr. Williams. 
the Detroit and St. Clair Rivers and Lake St. Clair are sources 
supply. 

1890 Congress decided improve the navigation Black River, 
and work thereon began 1891. Dredging was commenced the 
bar the mouth the river, and was approaching that part the 
river where the principal sewers discharge, when cold weather stopped 
the work. April 16th, 1892, work was recommenced point 
about 300 ft. below the first bridge, and that bridge two large 
sewers discharge into the river. Below that bridge reported that 
ft. was dredged through accumulation sewage 
deposits which had been gathering there for years. The inspector’s 
records the dredging show that there were excavations such 
material ft. depth. This material was put dump scows, taken 
out into the St. Clair River and dumped point over the Grand 
Trunk Railroad tunnel, approximately miles above the intakes 
the Detroit Water-Works, which are just below Lake St. Clair, and 
virtually the head the Detroit River. 

The record typhoid fever Detroit that time interesting. 
There had heen some deaths from typhoid early the year, but 
between May and May 28th, 1892, deaths were reported. 
May 28th there was one death. June 5th there were four, and 
during the ensuing days there were thirty-seven deaths from typhoid 
fever, the population the city being then about 230 000. The death 
rate from typhoid that year Detroit rose high the typhoid 
death rate any large American city, except Chicago, Pittsburg, 
Jersey City and St. Louis, the past ten years. There were three 
years which the death rate Pittsburg and two which that 
Chicago had been higher. 

was somewhat difficult trace the cause this epidemic, and 
when the speaker began his investigations was not aware the 
operations the Government Black River 1891 and 1892. 
therefore did not look there for the pollution, but began examining 
the river and studying rainfall, the effect thaws, the effect ice 
the river and the character the water. None the ordinary 
methods accounting for the presence typhoid was applicable 
this case. 

The precipitation during April had been heavy, but had also 
been heavy many other times when there was typhoid. During 
that summer all the river cities had typhoid, and all cases the 
disease appeared about the same time. Port Huron, while there 
had been tremendous excess typhoid late the fall 1892, there 
were only one two cases the spring that year; this pointed 
cause below Port Huron. 

Finally, the attention was called the Government 
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Mr. Williams. dredging operations and the place where the material was dumped. 
The flow the Detroit River given 225 000 cu. ft. per second. 
From all available information the velocity the water, was 
found that would reach Detroit not less than and would 
probably require not more than days. From careful study the 
statistics typhoid fever, published various Boards Health, 
the conclusion was reached that the average period incubation was 
days. examination the statistics this disease showed 
that death, when ensues, ordinarily occurs between the twenty-first 
and twenty-eighth days, which would give days average. 
From April 16th, the day which the first scow load polluting 
material from the sewers Port Huron was dumped into the St. Clair 
River, until June 5th, when there were four deaths from typhoid 
Detroit, days. days are allowed for the water flow, 
days for the disease incubate and days kill, the total 
days. 

The investigation was carried throughout the summer and the 
curves secondary and tertiary infection were studied, and finally, 
about seven weeks after cold weather set and dredging operations 
were suspended, the typhoid ceased. Next year the typhoid appeared 
again after the dredging had commenced, and when stopped the 
disease disappeared. These conditions have followed one another 
since that time, and investigations have shown that they prevailed 
previous years. Going far back 1886, was found that typhoid 
appeared during those years whea dredging operations disturbed the 
channel the St. Clair River Lake St. Clair above the intake the 
Detroit Water-Works, even far away Lake Huron; and the 
relationship could traced accurately. one two years, when 
there has been disturbance this channel, Detroit has had very 
low typhoid death rate. 

Another interesting case occurred 1897, which was year very 
low typhoid Detroit, the rate being only 1.1 per 000 living. 
During that year there was only one group cases which could 
considered epidemic, and that came August. weeks there 
were seven eight deaths. looking for the cause was found 
that the Government was dredging the Clinton River. The work 
had been commenced some time before, and the dredge had been 
working gradually the river, the material being dumped Lake 
St. Clair, what was supposed stagnant water, point about 
miles from the water-works intake. date the dredge 
arrived bar the river just below Mount Clemens, town which, 
though not having complete sewerage system, has few sewers 
discharging into the Clinton River. computation, similar that 
previously described, showed that the group cases August was 
due infection stirred these dredging operations. 
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These instances are given for the benefit those who speak Mr. Williams. 


streams which are not used sources water supply. There 
stream which not source water supply for some person 
community, and there danger going too far the restriction 
the pollution our streams. 


Perer Assoc. Am. E.—The American Water-Works 
Association has had the subject stream pollution under considera- 
tion for the past eight years. Judging from correspondence with 
State Boards Health and eminent medical authority, the speaker 
led believe that interstate legislation will not accomplish the object 
sought; and that will necessary appeal the Congress the 
United States seek the enactment national laws prohibit the 
pollution water supplies. Such law, may necessity guard riparian 
rights and also protect the health the people using the water 
streams liable contaminated sewage every character. 

special standing committee the American Water-Works Asso- 
ciation has nearly ready for publication report upon this 
subject. 

expression opinion upon this important question this 
Society will carry weight and influence and accorded the considera- 
tion due. 

example the manner which community may recede 
from its position taken regarding sanitation water supply, 
afforded the experience the City Brooklyn, More than 
four years ago, two streams, which formed part the daily supply, 
were condemned the Board Health the City unfit for use, 
account pollution due the sewage the population dwelling 
upon the water sheds, which pollution had increased yearly propor- 
tion the increase population. These stream supplies were aban- 
doned. the present emergency and extremity the city, viz., long 
drought, suggested again use the water these streams, pro- 
vided filtered. 

The question filtration being one degree, apparent that its 
range effectiveness application contingent upon the measure 
pollution met and treated. pollution permitted in- 
crease intensity well quantity, reasonable assume that 
the cost filtration would prohibitory and compel the considera- 
tion new sources water supply remote from the influence pollu- 
tion. 

the Federal Government enacts laws which effect restrict pollu- 
tion and contamination the waters which are used the people, 
must invoke the skill the engineer aid it, the one hand, and 
wise legislation, the other hand, order that equitable relations 
may established and that the rights all interests may safe- 
guarded the effort prevent the defilement water supplies. 
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Am. Soc. E.—In studying questions relat- 
ing stream pollution natural turn England, where 
official reports the subject there storehouse information 
which found elsewhere; although recent years the 
investigations undertaken several States—notably Massachusetts— 
and several cities, have made available much information the 
greatest value. Increasing density population, the concentration 
large industries, and general awakening the masses the 
importance their sanitary environment, all serve direct attention 
the matter stream contamination. 

the present time, the most important legislation the 
subject has been the Rivers Pollution Act 1876, resulting from 
report the Second Rivers Pollution Commission the Rivers Mersey 
and Ribble, which the following requirements, especially regarding 
organic pollution, which had been recommended Dr. Frankland, 
were adopted: 

suggest that the following liquids deemed polluting and 
inadmissible into any stream: 

Any liquid containing suspension more than parts 
weight dry mineral matter, part weight dry organic 
matter, 100 000 parts weight the liquid. 

Any liquid containing, solution, more than parts 
weight organic carbon, 0.3 part weight organic nitrogen 
100 000 parts weight. 

* * * 


* * * * 

Any liquid which, after acidification with sulphuric acid, 
contains, 100 000 parts weight, more than part weight 
free chlorine. 

Any liquid which contains, 100 000 parts weight, more 
than part weight sulphur, the condition either sulphur- 

Although adequate provision for the enforcement this Act 
appears not have been made, its requirements were probably 
sound was possible with the scientific knowledge that 
time. 

the same year, 1876, the Massachusetts State Board Health 
presented, its annual report, number recommendations regard- 
ing the discharge crude sewage into streams; among them: 


city town shall allowed discharge sewage into 
any water-course pound without first purifying according the 
best process present known, and which consists irrigation; pro- 
vided that this regulation not apply the discharge from sewers 
already built, unless water supplies thereby polluted; and provided 
also that such intended discharge can shown such 
points that nuisance will arise from it.” 


But they are careful add, that: 
Board feels that, the present state our knowledge, 
sweeping laws for the general and immediate purification all our 


streams would hardly justifiable, and that they are not called for 
the present condition our rivers.” 
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the years which have elapsed since these views were officially Mr. Allen. 


expressed, there has been opened vast field research sanitary 
matters, through the science bacteriology, and, our knowledge 
the life history these minute organisms yet quite imperfect, 
are not likely arrive theideal treatment the matter for some 
years come. 

The standard purity for sewage effluents, established the 
Second Rivers Pollution Commission, faulty the following par- 
ticulars: 

the first place, the nuisance caused foul effluent depends 
quite much upon the character the stream into which flows 
the effluent itself. foul effluent discharged into deep, swift- 
running stream well-oxygenated water may cause offence, while 
effluent half the size and twice the purity the first, meandering 
over mud sluggish brook mill pond may prove highly 
objectionable. 

is, therefore, seen that, standard purity for the effluent 
fixed, should some way correlated the character the 
stream itself, and this under its most unfavorable conditions, 
extreme low water, when covered with ice, when, for some other 
reason, particularly foul devoid absorbed air. 

The two following examples serve illustrate the inconsistency 
the standard alluded to. 

the Leeds Congress the Sanitary Institute Great Britain, 
1897, Professor Bostock Hill, wishing accentuate the difficulty 
attempting fix for sewage effluents, quoted case: 

Where tank effluent, without any preliminary treatment, gave 


better results than the Rivers Pollution Commission standard, and yet 
subsequently seriously polluted stream that injunction was 
applied for and obtained.” 

the other hand, Alderman Spence (Chairman, Tyne Port 
Sanitary Authority), said: 


Between Tynemouth and Newcastle-on-Tyne, distance ten 
miles the river, there large number works discharging 
foul and poisonous effluents probably any other stream the 
kingdom. But these are largely diluted the enormous influx 
sea water twice the hours. the difference time between high 
water the bar and Newcastle Quay being only minutes, that the 
late Dr. Frank Buckland, when inspector salmon fisheries, quoted 
the Tyne one the best salmon rivers the kingdom, the pollu- 
tions being diluted that the fish passed there unscathed their 
spawning grounds the higher reaches the river. may there- 
fore said the pollutions cause nuisance, the tide clears them 
all away.” 

Again, the Rivers Pollution Commission standard fails appre- 
ciate the potential capacity for further purification the effluent 
itself. This important point has been brought into prominence 
the difficulty securing permission, under existing laws, discharge 
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the from certain bacterial treatment plants into neighboring 
streams, although generally admitted that nuisance would 
result thereby. The outcome this that Royal Commission has 
been appointed, and now giving this matter careful study, which 
will doubt end placing before the world most valuable and com- 
plete information this subject. 

The final purification sewage, which due the mineralization 
its organic constituents, effected the action minute 
organisms, either vegetable animal, but generally bacteria, and 
this the case with crude sewage, the from chemical pre- 
cipitation works from sewage farms, well from tke septic 
tank other the methods known more specifically bacteriolytic. 
interrupt this action the use antiseptics simply postpones 
the inevitable and desired result, allowing organic matter accu- 
mulate. Such interruption is, therefore, fundamentally wrong. 

The process mineralization may roughly considered taking 
place two stages. 

the first stage, the solids are broken and thrown into solution 
liquefying bacteria, while the rearrangement the molecules 
all the organic matter renders more susceptible further change. 
This action called bacteriolysis, and takes place comparatively 
short space time, the characteristic product being carbon-dioxide. 
Although usually occurring under anerobic conditions—when 
often accompanied the evolution sulphuretted hydrogen, marsh 
gas and other offensive dangerous compounds, and sometimes, very 
likely, the formation these virulent poisons known ptomaines 
—it pointed out Dr. Samuel Rideal quite probable that 
may result from the action such erobic liquefying bacteria 
Prodigiosus and Liquefaciens under suitable conditions. 

the second stage, which marked oxidation the nitrogen, 
and known nitrification, the bacteria essential the process must 
supplied with oxygen, and characteristically srobic process. 

true that the formation first nitrites and then nitrates 
the oxygen required for the former may, the absence free oxygen, 
wrenched from the nitrates from other combinations oxygen, 
leaving the final conversion into nitrates effected later. 

Dr. Walter Adeney, Dublin, advantage this action 
devising the method sewage and sludge purification known 
the Oxygen System,” which nitrification effected the applica- 
tion nitrate soda permanganate potash, substances which 
are capable furnishing the oxygen required. 

Nitrification comparatively slow process, and, while accom- 
plished ideal manner intermittent filtration, yet reason 
its slowness may often effectively carried streams means 
the oxygen dissolved therein. When, however, this element not 
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absorbed from the atmosphere rapidly taken the Mr. Allen. 


organic matter undergoing purification, anzrobic conditions prevail. 
which call putrefaction, with their attendant evils. 

clear, then, that the ability the stream oxidize the im- 
purities effluent most important consideration, which has 
been quite ignored the standard set the Second Rivers Pollution 

The determination the organic nitrogen and carbon proposed 
Frankland has been found difficult practice, and has been largely 
superseded the less precise but more practicable determination 
(or test by) albuminoid ammonia, proposed Wanklyn, the 
oxygen consumed, proposed Forschammer, both these 
together. 


Messrs. Pearmain and Moor have recently proposed the following 
standard, adapted present needs: 


Parts per 100 000. 
Total suspended matter (not 2.0 
Albuminoid ammonia 0.2 
Oxygen absorbed 0.714 
Nitrogen nitrates (not less than)........... 0.714 


They insist last requirement for the reason that, besides 
indicating the completion the process, the nitrates also indicate 
store oxygen which may drawn upon oxidize the remaining 
impurities, insuring thereby guarantee against putrefaction. 

Dr. Rideal, accomplish the same end, has suggested, safer 
test than any previously proposed, ‘‘the ratio the oxidized nitrogen 
the form nitrate and nitrite the ‘oxygen consumed’ figure,” 
the former represents the oxygen available and the latter the oxygen 
required carry out the process purification. states his 
belief that when the available oxygen excess,— 

under subsequent conditions would reversion the 
sewage take place cause nuisance, and such method 
valuing the suitability effluent was independent the size 
the stream the dissolved oxygen contained. When, and the 
majority cases this was the case, the stream was many times the 
volume the sewage and contained dissolved free oxygen, then this 
free oxygen was utilized instead the oxygen the oxidized nitrogen. 
Under these conditions was not necessary for the oxidized nitrogen 

the character proposed effluent, well its probable 
dilution, running water could predicted with certainty, its 
liability cause offense could pretty well foretold. rough but 
convenient limit was determined this way Stearns, Am. 
Soc. E., when Chief Engineer the Massachusetts State Board 
Health, substantially agreeing with similar limit fixed Rudolph 
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Hering, Am. Soc. with reference Chicago’s sewage dis- 
charge, which designates stream flow not less than cu. ft. 
per thousand population sure cause offence, and flow over 
cu. ft. per thousand population not likely cause offence. 

Such rule will, course, apply only when manufacturing wastes 
are negligible quantity character; but where questions involving 
the dilution crude sewage are concerned, this method predicating 
offensive conditions likely prove convenient and satisfactory 
any, considering the number indeterminate factors involved. 

Whether more definite tests, cover various conditions, are prac- 
ticable remains seen, but the more recent ones appear steps 
the right direction. Possibly the future may discover some simple 
biological tests noting the effect polluted streams upon various 
kinds fish other organic life contained fact, the 
elaborate series experiments sewage disposal which has been 
carried for several years past Leeds, one test certain effluents 
was their capacity support the life carp, the effect confervoid 
growths being also noted. known that different kinds fish, 
such salmon, bass, catfish and menhaden, require waters different 
degrees purity, and their survival would, certain extent, 
measure the contamination the water which they were placed. 

The relative efficiency bacterial treatment, compared with 
mechanical filtration and chemical precipitation, illustrated 
the following results obtained Leeds: 


OURS. ALBUMINOID AMMONIA. 
Percentage Percentage 
Parts per Parts per 
purifica- purifica- 
100 100 000. 
Filtration through 5.53 0.67 
Bacterial action (Dibdin’s filters)........ 0.91 


great economic advantage biological treatment the elimina- 
tion the vexed question sludge disposal. true that sand 
and other grit still have removed, and that woody fibre requires 
time become peptonized without clogging the filter, but the trouble- 
some and offensive organic solids may effectually disposed of, and 
this great step advance. 

Crude sewage contains several million bacteria per cubic centimeter 
sewage some million. After complete nitrification, these 
are reduced insignificant number; but before that time, although 
effluent may contain sufficient oxygen complete the process 
purification, may contain very large number these organisms. 
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Now, while there some evidence indicate that pathogenic Mr. Allen. 
varieties will have been eliminated before arriving this stage, yet 
with the present imperfect knowledge, and with the possibility 
their subsequent introduction into effluent yet containing nutrient 
material, would probably wise fix low limit the bacteria 
per cubic centimeter permissible stream used for water supply 
which has received the effluent from biological filters. fact, 
question whether the water such stream should not filtered 
before distribution city, there always chance that times, 
through accident excessive flow, the purification the sewage may 
not the established standard. 

When the stream not used for drinking purposes, the presence 
large number bacteria the effluent not necessarily un- 
favorable indication. 

believed that, for the present, legislation regarding stream 
contamination and sewage purification should largely tentative, 
both because experience these matters yet limited, and 
because rapidly increasing. 

dealing with subject complex and, the same time, often 
involving the public health and the outlay large sums money— 
the establishment purification works the one hand and the 
depreciation riparian property the other—each case pollution 
should considered itself, authorized official, who should 
man much tact and ability, well one having special 
knowledge and experience his line. should guided cer- 
tain general laws regarding stream pollution, but should given 
considerable discretionary power, and, avoid troublesome changes 
policy, would probably well have him serve long term 
years. the other hand, should not enabled use his 
authority too summary arbitrary way, the disturbance 
vested interests, when not absolutely necessary for the public good. 

order make his supervision effective, the area under his con- 
trol should defined the natural water-shed lines; that is, 
should have authority over the entire drainage area one more 
and responsible for their condition. 

order effectively control stream contamination, suggested 
that all streams may placed one three general classes, 

Streams far from populous centers and not likely used 
for manufacturing domestic purposes. 
Streams likely used for other than purposes. 
Streams likely used for domestic purposes. 

Such classification would not appear difficult intricate, 
and laws regarding permissible pollution would apply, general, 
all streams the class question. Class would require little 
legislation, while certain standards purity for sewage effluents, 
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would apply Class and others Class III. Moreover, 
the case large rivers, like the Mississippi Hudson, would 
quite possible include the headwaters and upper reaches Class 
and leave the lower reaches Class II. the other hand, 
certain populous centers toward the mouth the stream should 
befoul its waters the detriment the fishing other interests near 
by, might necessary create special district which the 
restrictions for Class III would apply. 

That the purification the sewage large cities land disposal 
feasible, seen such examples Berlin and Paris. 

Suitable land, however, not always available, when chemical 
treatment followed filtration through the natural soil, Bir- 
mingham and Manchester, through prepared filter beds, Glas- 
gow and Sheffield, may resorted to. the cases London and 
Salford, the sewage merely clarified chemical precipitation, and 
the sludge carried out sea steamers and dumped; and such 
cases the effluent cannot said truly purified. The previous 
examples, however, suffice show that inherent difficulty 
purifying the sewage large city, even irrigation cannot 
availed of. merely question selecting the best and cheapest. 

The modern bacteriolytic processes avoid the acquirement 
extended areas for irrigation the one hand and the question 
sludge disposal the other, and from them the ideal solution the 
sewage disposal question the future may hoped realized. 
Experience has already been sufficient obtain for these methods 
very high endorsement. 

For instance, testimony before Local Government Board 
Inquiry Exeter, regarding the septic tank treatment, Dr. Rideal 
gave his opinion, that 

Wherever sewage farm would work, this system would work, 
and anything which would prevent this system working would prevent 
sewage farm 

When asked whether could applied very much larger 
towns, replied ‘‘much Dr. Dupré, also, declared that 
system purification hitherto known had such complete effect 
upon sewage.” 

must admitted, however, that the present time great 
city uses any these methods. The largest plant Sutton, Eng- 
land, where some 145 000 galls. per day are treated the Dib- 
din system double filtration. 

The Sewerage Commission the City Baltimore, which for 
some time has had this very matter under consideration, while admit- 
ting the admirable results attained Sutton, Exeter, and elsewhere, 
and after consultation with Mr. James Mansergh, regarding this parti- 
cular point, has refrained from recommending any one these sys- 
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tems for large city, involving, must, much that would Mr. Allen. 


new when applied the scale proposed. But this decision quali- 
fied the statement that 

The Commission fully recognizes that one more them may 
prove available for the treatment the sewage some our out- 
lying districts, and may, future experience sustains the claims and 


anticipations their advocates, yet become adequate our service 
larger scale.” 


sum what has been said, believed: 


(a) That stream contamination should prohibited, and the puri- 
fication the sewage cities compulsory only: 

(1) When offensively evident the senses smell 
sight. 

(2) When manufacturing, fishing, other productive inter- 
ests are likely seriously affected thereby. 

(3) When the health neighboring communities jeopar- 
dized, either through the authorized use the stream for dom- 
estic purposes, the probable contamination areas devoted 
the culture shell-fish, the probable formation deposits 
upon shoals shores. 

That the purification the sewage large cities always 
feasible. always costly, but probable that the introduction 
bacteriolytic methods treatment will, general, when more 
fully developed, tend economy. 

(c) That make legislation effective: 

(1) All streams should classified according their per- 
missible contamination. 

(2) responsible officer should supervise and control all 
sources pollution throughout the drainage area every 
stream which pollution restricted law. 

(3) Where possible formulate consistent regulations 
regarding the limits contamination, this should done; but 
that with regard organize contamination, the present 
imperfect but advancing state our knowledge this sub- 
ject, the matter may best left largely the discretion the 
official charge the particular drainage area question. 


Am. Soc. E.—It has not been regarded Mr. Owen. 


within the province this Society discuss legal questions, but 
recognizing legal enactments the crystallization public opinion 
the subject legislated upon, the legal aspect stream pollution 
worthy consideration. The radical, unqualified proposition that 
all pollution streams should summarily stopped seems the 
speaker unwise. The question very live New Jersey, and 


the conditions the northern part the State furnish object 
lesson. 
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The Passaic River was formerly known ‘‘the beautiful Passaic,”’ 
now called ‘‘the dirty Passaic.” Along its banks population 
about persons, who, the construction sewers, have 
completed, within the past twenty years, system discharge which 
renders the river unfit for potable uses, for any purposes for which 
water can used. Until three years ago, Jersey City took its water 
from the lower Passaic. was bad water, much contaminated and 
unfit drink, and Jersey City vainly tried, for years, obtain from 
the Courts means restrain the towns above its intake from dis- 
charging their sewage into the stream. 

Newark obtained new water supply about ten years ago, and 
Jersey City got new supply three years ago. Curiously enough, 
soon Jersey City stopped taking its drinking water from the river, 
there arose popular demand that the pollution the river should 
cease. Paterson, with 100 000 population, discharging large 
amount sewage into the river, and Newark and the towns between 
Newark and Paterson wish defilement from this source prohibited. 
Newark also discharges enormous amount sewage into the river, 
and this drifts with the tide for four five miles above the city. 

the Upper Passaic the small town Summit which dis- 
charging into the river, not crude, but filtered, sewage. The City 
Paterson has brought suit against Summit prevent its pollution 
the stream. kind cross-fire comes the proposition the City 
Paterson enjoin the East Jersey Water Company from taking 
water from the river, the plea that there will not left the river 
sufficient water take the city’s sewage down. From this will 
seen that the trend public opinion that locality indefinite. 

cannot too strongly emphasized that there should con- 
tamination drinking waters the sources such waters; but the 
matter the discharge sewers into rivers used merely for naviga- 
tion, for drainage, should considered question dilution; 
and if, within the next few years standard permissible dilution, 
which would free from effects deleterious the community, can 
established, the prime object this inquiry will have been attained. 


Am. Soc. E.—The study this problem 
for twenty-five years leads the speaker agree with the conclusions 
admirably expressed Mr. McMath. The engineers America 
are competent solve this problem, and the speaker anticipates not 
only its solution but such development the future will modify 
the water-supply question the extent that necessary city will 
not obliged beyond the purification its own sewage 
supply itself with water. 


Harrison, Am. Soc. E.—The subject the right 


cities tidal streams discharge their sewers therein has not been 
taken this discussion, but some recent events indicate disposi- 
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tion impose unnecessary and harmful restrictions such com- Mr. Harrison. 


munities. When the City Newark was founded, about 200 years 
ago, the site was chosen because was stream. offered, 
reason its location, advantages for settlement, for manufactures 
and for commerce. This agitation for the purification the Passaic 
River, which Mr. Owen spoke, resulted swinging the pendulum 
far from the stand taken the courts ten years ago, for March 
last the City Newark was enjoined from draining about 130 acres 
land into the Passaic point where the tide ebbed and flowed. 
The water this point was salt, though not salt the sea, but 
both medical testimony and bacteriological examination were sub- 
mitted show that the growth bacteria was inhibited reason 
its saltness. The river was thus acting only carrier, conveying 
sewage the sea without affording opportunity for the further growth 
bacteria. 

That agitation and decision are now bearing strange fruit. Other 
towns draining into estuaries New York Bay are seeking places 
deposit for their sewage, and they can keep their water supplies pure 
only turning their sewage into the tidal streams. This decision 
has helped create the opinion northern New Jersey that sewage 
should emptied into any stream, tidal otherwise, not even into 
the Kill von Kull, tidal strait between Staten Island and New Jersey, 
passing enormous quantity water with swift current. 

The recognition this argument governing principle would 
operate deprive cities located estuaries and tidal streams one 
their great advantages manufacturing sites. manufacturing 
plant cannot established along the Arthur Kills, ora large city grow 
there with the right discharge sewage into the salt water; 
investors such enterprises must contemplate enormous bond issue 
take care sewage, the manufacturing plant the city might 
well located the mountains. Engineers will discriminate be- 
tween drainage into salt water and drainage into fresh-water stream, 
and, while the speaker agrees with Mr. Owen that the pollution 
streams now used likely used for water supply should pro- 
hibited, the same arguments not apply the case tidal streams; 


otherwise sewage purification works would required for cities like 
New York and Brooklyn. 


Esq.—In Paris the distribution the water supply Mr. 


double and two qualities; raw river water for industrial purposes, 
street sprinkling, fire extinguishing and other base uses—sold 12. 
cents per 1000 galls.; and spring assimilated (filtered) water for 
drinking and household purposes—sold cents per 000 galls. 
The potable water distribution, being kept higher pressure 
than the industrial water, became largely used for hydraulic elevators 
and other purposes motive power. order discourage this 
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misuse the pure water, the rate for such purposes was raised 
cents per galls. This differential rate has prevented the abuse 
the pure water, that filtration plants have provided only for 
water legitimately used and well paid for. 

Another reason for which French engineers advocate the double 
canalization system maintain even pressure the pure water 
distribution, reach the highest points the cities all times. 
customary, many towns, water the streets and flush the 
sewers, for several hours every day. With single canalization the 
upper parts the city would deprived water the simultaneous 
opening the low-town hydrants; this trouble does not occur with 
double canalization. 

too much single filtering operation. The work should divided. 
Something has already been accomplished this direction the use 
storage reservoirs, but unless they are, London, large enough 
render pumping during storms unnecessary, they are only extensions 
the river, and little use. storage reservoirs are wanted case 
accidents the pumps, all means build them, but, the 
speaker’s opinion, clarification can obtained equally well quick 
upward filtration through coarse sand other coarse material—the 
choice varying according the particular quality the water 
dealt with—and less expense. 

Sand filtration, carried Europe, with sundry improve- 
ments, could applied secondary operation. And possible 
find, the large industries, such sugar and chemical works, 
breweries, wine producers and the like, that have recourse filtra- 
tion, some ideas which may service carrying out third and 
final operation the purification water for city supplies. 


the providing suitable water supplies for thickly settled districts 
has been receiving more and more intelligent consideration; the rela- 
tion physical health the wealth and efficiency community 
has been more carefully studied from the economic well the 
standpoint; and the ends issue have been brought the 
brains, energies and conscientious efforts engineers, chemists and 
even municipal officials themselves, who have been popularly classed 
men devoid other than political instincts. 

more limited degree, the disposal the wastes civilized 
life, passing off sewage, has received careful attention, and begin- 
ning treated deserves, one the most important subjects 
for the engineer consider. not alone necessary provide 
human beings with pure food and drink; equally necessary 
remove the refuse after the valuable parts are used. 

The questions presented for these informal discussions, relating 
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Stream Contamination Sewage, Purification Sewage, and Filtra- Mr. Tribus. 
tion Water, are correlated make their separation here 
scarcely wise, although certain features each are distinct. 

far the larger number cities (the term including all 
communities making use municipal systems water supply 
sewerage), take their supply from rivers lakes, larger smaller 
the case may be; those using the various forms driven and artesian 
wells not, having the classes waters that need artificial 
purification. This being the case, evident that the source 
supply should maintained all possible purity, rather than that 
the water should permitted to-deteriorate, and then need puri- 
fied some form filtration, and great expense. 

Consequently, defiling matter, certainly raw sewage must 
considered, should not admitted lake stream there any 
possibility injuring the water supply another place. There 
justice permitting one community save itself trouble 
and expense entailing trouble and expense another, 
event that other not having sufficient enterprise protect itself, 
and perhaps furnishing elements disease and danger. Rights 
the waters stream have caused litigation for centuries, but 
only comparatively recent times that the stream has 
been considered requiring, morally, not always legally, passing 
unimpaired purity. 

Certain classes sicknesses known diseases, which 
typhoid the most prominent, are usually attributed, and probably 
with justice, the dissemination the water supply (or milk, directly 
associated, too often, with it) germs contributed sewage the 
sources the water system. Dilution sewage with water has been 
largely looked upon, even engineers, means purification, and 
some extent is, but dilution does not destroy germs; and disease 
germs large volume water have just much more chance 
dodging the other forms bacterial life which seek destroy them. 


Not many years ago, purification sewage was not unmixed 
success, chiefly because unintelligent design and carelessness 
the operation plants, the method Nature’s action not being 
entirely understood, or, so, then ignored; the germ theory had 
scarcely been promulgated, and the existence bacteria different 
kinds, which, like people, preyed each other, was unknown. 
would difficult matter estimate dollars and cents the 
losses property, the destruction valuable material, and the injury 
lives, directly traceable the emptying crude sewage into 
streams; yet few will deny that the would vast. The 
driving away destruction fish life, removing thereby very valu- 


able food; the depreciated value property adjoining such 
sewage contaminated streams, and the actual deaths hundreds 
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Mr. Tribus. thousands human beings, from the use polluted waters, suffi-. 


ciently indicate the conditions stake. The latter topic has been 
admirably covered recent papers typhoid and allied diseases, 
with their relationship water supplies, that merely speaking the 
remarkable reduction death rate, noticeable after 
pure supplies, all that necessary here. 

The New York State Board Health, its policy saving streams 
and lakes from further contamination, practically compelling cities 
treat their sewage, seems the writer have taken the only proper 
action that right can countenance; yet there are instances 


where such exclusion would appear unnecessary precaution, 


question, therefore, that had best left the intelligent 
and more enlightened sentiment and judgment communities directly 
concerned, trusting fully sufficient existing laws prevent undue 
trespass the rights others. The writer believes, however, that 
the proportion sewerage systems constructed the future, 
without adequate disposal and purification plants, will very small; 
and that number the systems now use will ultimately 
require treatment. 

The same discussion applies very largely the second question— 
the Purification the Sewage Cities compulsory?” 
Present laws court decisions cover fully all cases where non-treated 
sewage becomes nuisance residents the city itself those 
other places. Unfortunately, enforcement laws seems very 
difficult matter, and there reason suppose that any new laws, 
even apparently more binding, would work any greater advantage. 

far applicability large cities concerned, new questions 
always arise. almost all instances, large cities have grown 
the shores tidal harbors, great lakes large rivers, that sewage 
flow bears usually small proportion the volume moving 
water, fresh salt, that the dilution dissipates most the cause 
offence, though the course years, unmistakable and permanent in- 
dications defilement can noticed near the outlets the sewers. 

necessary note clearly, what purification sewage actually 
means. the total resolution into harmless inorganic elements, 
all defiling organic matters—a complete chemical combustion oxi- 
dation. this process, bacteria, abounding the sewage itself, have 
great do; the opinions some, perhaps more than any 
other agent. 

direct answer its feasibility for large cities impossible; 
each city must judged its own conditions. New York, Philadel- 
phia and Chicago would illustrate the impossible, 
impracticable. Paris has, large measure, successfully embraced 
purification. London aims make the effluent inoffensive, but 


Papers. DISCUSSION STREAM CONTAMINATION. 427 


far from being purified; its chemical treatment and subsidence being Mr. Tribus. 
only arresting Nature’s processes, and not completion them. 

thorough understanding this last subject must those come who 

have the handling sewage problems. Nature cannot hurried, 

though she enjoys being assisted. must conform her laws 

failure will ensue. 

possible purify sewage, and practicable, but takes 
land large areas economically, and land properly selected 
and prepared, with the utmost care use, besides; takes water 
such large volume that the same processes nitrification and oxi- 
dation can carried without regard time, and conveyed 
away currents streams, inoffensive during the opera- 
tions. The methods treatment need not enter into this discussion; 
but must borne mind that, unless local conditions absolutely 
prevent, some form land treatment, without the use chemicals, 
comes nearest Nature’s own most efficient process, and consequently 
most likely prove successful, even under severe climatic condi- 
tions. 

Closely allied the purification sewage, and even more important 
human life, isthe providing pure water supplies. Mountain lakes 
and brooks uninhabited sparsely settled districts can usually 
taken sufficient purity, the water intelligently gathered and 
cared for. 

The trend, however, growth population, the grouping 
communities along the courses the larger streams and the shores 
lakes. This entails more care the selection intake points, and 
gradually tending make undesirable the use neighboring 
waters for public supplies without treatment before use. the other 
hand, the smaller streams and lakes, not subject pollution, not 
furnish sufficient quantities water for the larger cities, even when 
storm-waters, addition normal flow, are carefully conserved. 
not always feasible secure ground water rock well supplies, nor are 
such waters always safe desirable themselves, that recourse must 
had most cases surface sources. Most persons will grant that 
surface supply, from unimpeachable collecting grounds and stored 
well-kept, clean reservoirs, all that can well desired, but the 
more closely settled States, each year, such condition becoming 
much harder Then, again, the use surface their 
natural state there always somewhat uncertainty, for, spite 
the most careful supervision the water-shed, unless absolutely 
uninhabited, contaminating elements are always likely appear. 

The writer not quite ready insist that all public supplies 
filtered, for here, sewerage questions, situation has great deal 
with the method proper for adoption; but certainly, intelligent 
filtration never harms water, while its lack may entail danger. Fil- 
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tration, some form other, undoubtedly began with man’s use 
water; its adoption, strictly scientific lines for public use, de- 
velopment very recent years. may neglect consideration the 
small household filters, the thousand and one devices that improve 
injure the water according the care their use, and take the 
broader field filtration municipal supplies whole, the two 
general systems which may classed Chemical and Natural.” 

unnecessary here discuss the comparative merits either. 
sufficient say that both have full fields for operation, the main 
point being that fully proven that impure waters can filtered 
and rendered safe and desirable for domestic use. present day 
practically everything measured its value dollars and cents, 
materialistic theory which have recognize even while combating 
principle, that the pro and con filtration for any particular 
city seems be: Does the advantage purer water, decreased 
death rate population, figuring life minimum value, gain 
the community the work many persous annually, equal the 
operation, interest cost and appropriations for sinking fund fora 
filtration plant? course, taxes and politics, and various other, often 
conflicting, interests are also considered; though impaired health, 
more less discomfort, and offensiveness eye and nose, seem 
have but little weight. Usually the activity violently deadly 
epidemic necessary impress the weight the argument. 

The writer amply convinced that the coming solution the 
implying rather more than the narrower term filtration,” though that, 
its growing ordinary acceptation, includes the very complex opera- 
tions Nature that result thorough purification, hence safety for 
the health of, and satisfaction other uses by, the public large. 


Am. Soc. E.—(by letter).—The great 
value and advantage maintaining, were possible, all streams, 
large and small, the purity they exhibited before there were settle- 
ments upon their banks self-evident. The fact, however, remains 
that, greater less extent, streams always have been and always 
will natural sewers. They will long water keeps flowing 
from the land into them and carrying with impurities dangerous 
health. Those flowing thickly populated valleys certainly will 
be, even the ordinary sewage the cities their banks purified 
before being discharged intothem. The fecal matter one inmate 
one farm house may cause more havoc than year’s sewage flow from 
large town. 

example, consider the Mohawk River Valley New York; 
narrow, with line villages, towns and cities along its banks, 
and elsewhere quite thickly settled. sewage from towns and 
cities were permitted discharged into the water would, never- 
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theless, unsafe for drinking purposes, not filtered. This river Mr. Ricketts. 


discharges into the Hudson River below the intake the Troy water- 
works. Below Troy, the cities Albany, Hudson and Poughkeepsie 
filter the water pumped from the Hudson River. least the last two 
have filtered for years and the first will shortly have its extensive 
plant Under these circumstances would extremely 
difficult force the great population the towns and cities the 
Mohawk Valley purify their sewage before discharging into the 
river, order that its water might more pure, but not pure enough 
drunk with safety. 

the Report the Chicago Drainage Canal the Commission 
appointed the Mayor St. Louis, Mo., 1899,” may found the 
paragraph: 

general law the United States all cities must, sooner 
later, prevented from polluting the natural water courses the 
country with sewage.’ 

However much jurisdiction the United States.may have the 
Chicago Drainage Canal question, would have considerably 
stretched cover the case non-navigable stream, like the Mohawk, 
lying wholly within single State and discharging into river lying, 
far that part valuable for water-supply purposes con- 
cerned, the same State. And being thus practically State ques- 
tion, how much chance there that this large part the population 
can, act Legislature, put great expense without proof that 
necessary. 

When the writer became engineer the Public Improvements 
Commission the City Troy, Y., and had, consequence, 
design complete system sewerage for the city, was asked 
whether would not advisable build intercepting sewer along 
the river and purify the sewage the whole city the south end 
before discharging into the Hudson River. This would have entailed 
pumping 000 000 galls. day, exclusive any rainfall, height 
about 200 ft., purifying it, and discharging the effluent into the Hudson 
about miles below the mouth the sewage-laden Mohawk River. 
Twenty-five years ago the City Troy began pump most its 
water supply from the Hudson above the mouth the Mohawk, 
where the water was quite pure. Instead doing this could have 
obtained bountiful supply gravity system reasonable cost. 
the meantime the river has become more contaminated above the 
intake, the sewage towns which have since grown larger, and the 
quite pure water supply still exists inthe highlands back the city. 
Under these circumstances could Troy, equity, compel the towns 
above purify their sewage? 

The writer has thus taken the conditions existing one neigh- 
borhood show that radical general rule can reasonably made 
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regarding sewage purification. General laws, absolutely prohibiting 
the discharge unpurified sewage into streams, would many cases, 
destructive and unjust; and, the design system sewer- 
unnecessary expense meet possibilities which never materialize, and 
sometimes prevent the construction much-needed works pro- 
hibitive and unnecessary conditions. 

the other hand, not necessary state that many cases exist 
where the purification sewage before its discharge into streams 
advisable and necessary. This, course, particularly the case 
where the streams are small and the country thickly settled. Those 
the neighborhood Boston afford good example. seems evi- 
dent that even astream not used for water supply should 
not permitted become nuisance because sewage discharged 
into it. 

the pure water question for cities, the writer believes filtra- 
tion its coming solution. More less pure water may used 
without filtering comes from source uncontaminated the 
sewage villages cities, but the only way sure that shall 
reasonably pure filter it. 


phase the discharge raw sewage into rivers and streams which 
was not mentioned the oral discussion this subject, that the 
minimum fiow, either rivers streams. 

This matter great importance considering the question 
permitting untreated sewage enter sources water supply, not only 
regards the effect upon the purity the supply for other localities, 
but also the relation which the amount sewage passing into the 
stream has the quantity water flowing therein, prevent the 
nuisance the collection undiluted sewage the immediate 
vicinity. 

Most western rivers are subject large variations both depth 
flow and area covered during the periods maximum and minimum 
seasons. Although the volume water calculated from the total 
quantity passing the channel, yet may divided and diverted 
leave the conditions attending the dilution sewage quite 
variance with the permissible allowance. this true 
rivers having very rocky channels, which the concentrated 
certain points into small cross-sections; while, other places, the 
water spread out over very shallow but wide and stony bed and 
almost disappears. This also true river sandbars and 
marshes. The collection sewage beds this character certainly 
emphasizes the necessity compelling its treatment before discharg- 
ing into streams used for water supplies. seems quite unneces- 
sary require any treatment sewage before disposing tidal 
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salt water bodies. Cases might arise where sewage might caught Mr. Haring. 


flood tide and carried back upon the shores and cause nuisance, 
but the conditions would not general, and the writer does not 
think that the discussion this subject such contingency was 
anticipated. 

The only way make the purification water supplies effective 
first prevent, Federal laws, the pollution rivers and streams. 
Too many our rivers are the jurisdiction more than one State 
make the State control these matters effective, and the personal 
feelings lawmakers are too largely acted upon the fear giving 
offense some person interest their constituency make success 
individual State legislation. Then, too, individual cities and towns 
will procrastinate degree almost, not quite, criminal, rather 
than press reform, even provide the means necessary 
remedy prevent the pollution streams, because the attending 
expense; and though conscious and confessing the, shall call it, 
crime, permit on. Only general law, irrespective State 
city, can prevent effectually what will few years, not 
some places already, evil great magnitude. 

Filtration destined the important agent prevent whole- 
sale contagion from water-borne diseases, even compulsory 
law treat sewage before permitting flow into streams, and 
even though the effluent purified drinking-water standard,” 
one business concern engaged that work now claims 
(though the standard may need qualification). The rapid development 
the education the people demands the filter guaranty the 
best that can had water supply. Though sewage may treated 
and made inoffensive the expenditure money, yet water supplies 
cannot manufactured, and the daily increasing news water 
famine all over the country admonishes such conditions. 
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For 


What the Proper Friction Coefficient for use the design 
Riveted Steel Pipe 


Me. Jun. Am. Soc. (by writer has 
tested the flow 14-in. riveted steel pipe after had been 
service over three years, and again nearly three years later. these 
measurements were carefully checked volumetric determinations 
after weir flows were measured they check very closely with one 
another, and they were made upon the main inflow system 
the ordinary everyday uses, which such main applied, they 
will guide designing similar pipes for such purposes. 

This main made soft steel, ins. clear diameter the 
smaller ring, and has double-riveted longitudinal seams. and single- 
riveted circumferential seams. The double riveting spaced in. 
between rows, between heads, and staggered. The 
circumferential rivets are in. from center center upon the exterior 

*The discussion this subject, for which formal paper was presented, 
printed Proceedings order that the views expressed may brought before all 
members the Society for further discussion. (See rules for publication, Proceed- 
this subject received prior September 23d, 1899, will printed 


inalater number Proceedings, and subsequently the whole discussion will published 
Transactions. 
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surface, about from center center the interior surface, Mr. Hawks. 
varying slightly with the thickness the steel, the gauge which 
runs from No. No. 12. All rivet heads are circular ‘‘snap 
heads,” and the diameter the rivets the heads 
form almost complete ring upon the interior the pipe, and practic- 
ally reduce the clear opening about attempt was made 
compensate for this making the interior rings slight fraction 
inch greater than the size originally planned. the outer rings were 
kept uniform, this increased size amounts about in. the lighter 
and in. the heavier steel. 
Seven rings steel plate (four the greater and three the lesser 
diameter) formed 24-ft. length pipe made upin the shop. One 
end was reinforced with 5-in. welded steel ring ins. clear 
diameter, the end lengths the pipe being the greater diameter and 
the end longitudinal rivets being practically countersunk admit this 
reinforcer. making the pipe lengths the longitudinal seams 
were ‘‘in alternate rings and quartering adjacent rings. 
All lengths were thoroughly cleaned and dipped hot asphaltum 
being left sufficient length time for the metal attain the 
temperature the bath. All lengths were inspected and tested 
previous leaving the shop. That this work was thoroughly well 
done shown the fact that some extra lengths and extra rings were 
left exposed the weather along the line the work, and the coating 
these was fairly good condition after more than six years. 
laying the pipein the trench the longitudinal seams were placed 
form angle 45° with the vertical plane; the reinforcer, 
which projected half its width from the end the pipe, was forced 
into the next length until the exterior rings were contact. 
exterior welded ring thick and ins. wide was drawn over the 
joint and ordinary lead joint was poured and caulked. 

will seen from the above, the obstructions flow are: 
the circle rivet heads the transverse joints, about ft. apart; 
2d, the lap the rings; 3d, the reinforcing rings, ft. apart; and 
4th, the double line rivet heads making the longitudinal seams. 

The total length this pipe line 700 ft., leading from iron 
screen chamber, near the inlet, the distributing reservoir. The 
profile the pipe line fairly smooth, there being four principal 
summits (two approaching the hydraulic grade line) and five principal 


depressions (two approaching zero the datum plane); the remainder 
chiefly along benches with easy grades. Automatic air valves are 
provided for all summits and blow-off gates for all depressions. The 
alignment very easy, quick bends occurring the whole length. 
d- 


two places where 90° curves are required they are made with six 


cast-iron pipes. Therefore, allowance for friction bends 
necessary the calculations. 
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This work was completed the fall 1892. April, 1896, the 
writer tested it, and the following are his notes: 

April 2d.—Visited intake and headworks. 1.30 measured 
depth water screen chamber, which was 7.98 ft., making eleva- 
tion surface water 429.15 above datum. 

April 3d. Weir weir was square notch, wide, 
sheet No. steel, set the overflow chamber the 
reservoir. All the conditions surrounding were favorable using 
the Francis formula, with end contractions: Discharge 3.366 (length 
and this was used calculating the discharge. 

the total outflow was only cu. per second and the area 
the approach channel was 2.8 ft. 3.1 ft., nearly sq. ft., the 
velocity approach was disregarded. 


The weir was then closed for minutes allow the reservoir 
fill toa higher level. was reopened 10.30 m., when the read- 
ing the gauge was gradually fell until the close the 
test read and remained stationary that figure for 
minutes. 

Elevation surface water 396.95 ft. above datum. 


April 4th. Volumetric Test.—The supply the city was cut off 
7.20 


The first and last readings were taken most carefully. 
diates were taken roughly check the results. 

The total rise was 0.35 ft. hours. 

After this test was completed the water was cut off from the reser- 
voir, and was left stand full until morning. the gauge read 
moment had occurred during this test. 


The flow over the weir was calculated 0.96 cu. ft. per second. 
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0.244 0.96 cu. ft. per second. 
The rate inflow was 0.99 cu. ft. per second. The average area 
the reservoir surface time filling 225 sq. ft. 
Rise 0.35 ft. over area 225 sq. ft. 829 cu. ft. 
Allowance for voids paving........ 


Total inflow 894 cu. ft. hours 000 seconds), the 
rate 0.99 cu. ft. per second. 
This rate discharge agrees nearly with the calculated discharge 
Kutter’s formula the coefficient friction 0.013 used. 
429.15 


per second. 


Discharge 1.069 1.0005 1.07 cu. ft. per second. 

February, 1899, the writer was called upon measure again the 
flow through the same main, under slightly greater head. weir 
box ins. wide, ins. deep and ft. ins. long, was built the 
inflow the reservoir, having 90° triangular notch No. sheet 
iron the outflow end. Through this the water flowed 8.9 ins. deep. 
Using Thompson’s formula for the discharge triangular notches: 
The discharge 0.0051 0.0051 237 1.209 cu. ft. per 
second. 

volumetric test was made allowing the water flow freely into 
the reservoir for hours minutes. The average area the water 
surface was 149 sq. ft., upon which the rise was 1.34 ft. 

Rise 1.34 ft. over area 149 sq. ft. 620 cu. ft. 
Allowance for voids paving.......... 


Total inflow 700 cu. ft. hours minutes (14 700 seconds), 
the rate 1.204 cu. ft. per second. 


Notes Volumetric Test.—The supply city was cut off 8.30 
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which time the reservoir was cut off for hours. leakage 
was observed. 

The first and last readings were taken most carefully. 
diates were taken rough checks. 

This rate discharge nearly agrees with the calculated discharge 
Kutter’s formula the coefficient friction 0.013 used. 


430.3 389.0 41.3 


second. 

Discharge 1.069 1.148 1.227 cu. ft. per second. 

From these two tests the writer led believe that, for similar 
pipes under like heads, the coefficient friction, 0.013, approx- 
imately correct. 

also wishes draw attention the fact that there has been 
practically decrease the discharge the main after has been 
use more than six years. From data can gather, the 
opinion that, for the first ten years its life, such main can de- 
pended upon give its full discharge. 
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ELECTRICITY VERSUS STEAM FOR BRANCH 
RAILROAD 


Informal Discussion the Annual Convention, June 30th, 1899.* 


are the economic conditions under which Electricity may 
profitably substituted for Steam the operation Branch 
Railroad Lines, and what are the engineering requirements 
considered such substitution 


the submission this subject for discussion will undertake state 
the purpose had view suggesting it. 

Electricity has been gradually introduced motive power rail- 
roads, first substitute for horse-car lines cities; then into 
continually widening areas, with the extension such lines into 
suburban districts; all the time offering more formidable competition 
steam railroads, until has become its substitution 
for steam some these very lines. 

The discussion this subject, for which formal paper was presented, printed 
Proceedings order that the views expressed may brought before all members 
the Society for further discussion. rules for publication, Proceedings, Vol. 
this subject received prior September 1899, will printed 


later number Proceedings, and subsequently the whole discussion will 
published Transactions. 


Am. Soc. E.—As the speaker responsible for mr. Haines. 
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This problem has been attacked one two our principal rail- 
road systems what may still considered experimental way, 


and would matter public utility the results farobtained 


should gathered together and made more accessible publication 
the Transactions this Society. 

The profitable substitution electricity for steam railroad 
motor probably varies with its application, whether the traffic 
strictly suburban branch, branch rural manufacturing 
district. There also considered the advisability its applica- 
tion with steam the same line. The conclusion seems 
have been reached that this substitution can more profitably 
made where desired move single cars frequently rather than 
where required move heavy trains infrequent intervals. 

The speaker thought this subject because case that occurred 
his own experience. planning quite long main line, had 
occasion provide for several branch lines reach factory sites 
manufacturing villages, varying distances from the main line, where 
mixed train making one two round trips per day might meet all 
the requirements, least year two after the branch lines were 
opened. one case would practicable obtain current from 
factory where was generated water power. this way his mind 
was directed the subject, but was not famihar with 
the economic conditions affecting the transmission electric 
current and its use motive power determine the question 
satisfactorily himself, and hence its reference the Society for 
discussion. 

The speaker aware that there phase the discussion this 
subject which more appropriate conference expert electricians, 
but not that phase which has presented here. distinctly 
engineering problem that asks for solution. There 
apparent disinclination the part civil engineers consider, 
appertaining their domain, the application electricity connec- 
tion with engineering works, the same way that they accept and 
discuss questions involving the use water steam power. 

help himself, and others similarly interested, the speaker 
would like have discussion the conditions under which would 
advisable operate electricity branch line steam railroad, 
whether suburban, manufacturing, rural district; the con- 
ditions including the length the branch, the character and fre- 
quency the traffic, the generation the electric current water 
power steam, etc. 

The subject should considered, not only with reference lines 
with large traffic, but also applied branch lines operated only 
one locomotive with single train crew, making one two round 
trips daily. 
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the field for the application electricity will accordingly extended, 
and perhaps will thereby become more feasible provide traffic 
facilities for communities, which they cannot profitably extended 
with steam motive power.* 


Henry Am. Soc. E.—This question pre-eminently Mr. Prout. 


one traffic conditions rather than strictly engineering conditions; 
although engineering covers traffic conditions. Under such require- 
ments Mr. Haines has suggested, e., branch lines with infrequent 
trains, would not advisable try substitute electricity for steam 
locomotives; and quite likely that during the next few years light 
steam motors for such work will developed. 

The costly installation the New York, New Haven and Hartford 
Railroad Hartford and Berlin, Conn., will probably found 
very expensive and unremunerative experiment. said that about 
half the machinery the power lying idle and that one-car 
trains are run intervals twenty twenty-five minutes. Under 
such conditions impossible pay the interest the cost the 
installation. other words, the traffic isin units considerable 
size infrequent intervals the work can done more cheaply 
steam locomotives than electricity. 

locomotive which will develop say 000 H.-P. will cost (we will 
assume) $10 000, and power house and plant develop 000 
will cost perhaps $80000. Thus will seen that the interest 
$70 000 has earned, accounted for some way the superior 
economies the electric installation. 

may said that there will great saving the fuel account, 
but careful analysis, made within the last three years, has shown that 
the fuel will cost much per horse-power delivered the rim the 
driving wheel for electricity for steam locomotive. 
fixed plant cheaper fuel can used, and with all the appliances 
automatic stoking, etc., can burned more cheaply than the steam 
locomotive, yet the losses efficiency the generator, transmis- 
sion, and the motor, are sufficient overcome that saving, and 
the time the power delivered the rail will have cost much 
coal the locomotive. This seems safe general propo- 
sition, although Mr. Baker, General Superintendent the Manhattan 
Elevated Railroad, has lately said that many imprdvements have been 
made within the last year and greater efficiency obtained 
from the generators and motors. But even saving coal of, say, 
50% can made, yet, after all, the fuel item the operation rail- 
road comparatively small. Assuming the fuel element about 
13% the total operating expenses, then, even the saving this 
item 50%, evident that little has been saved toward paying the 
interest the expensive electric installation. 

*For further remarks Mr. Haines see 448. 


these conditions can determined with approximate accuracy, Mr. Haines, 
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the traffic such that its efficiency, commercial development, 
requires minute subdivision the units, that is, division into very 
small units running very frequently, order traffic move, 
then, course, electricity will win, not because cheaper than 
steam, but because adapted such minute subdivision. 


Am. Soc. E.—For several years past the 
speaker has publicly advocated the use small electric motors for 
driving machine tools and other independent machines. Although the 
idea first appeared somewhat chimerical, individual motors are now 
extensively used, the system having mostly passed beyond the 
experimental and transitional stages. 

Railroad motive power now state transition. Within the 
last ten years the ordinary street trolley line has grown from mere 
experiment into great industry, which has not only performed the 
work the horse-cars displaced, but has created enormous travel- 
ing habit. The time for the universal use these motors railroads 
has not yet arrived, but the speaker believes that will come event- 
ually, consequence discoveries which will cheapen the use fuel 
and simplify electrical machinery; and also because such method 
will result greater convenience travelers, reason more 
smoothness motion, freedom from dust, smoke, cinders, etc., and 
facility for running single cars (or short trains) much more frequent 
intervals than now. therefore follows that the use electricity 
roads which are present run steam, will largely increase travel— 
and the habit traveling. Such improvements make car riding 
pleasure rather than the duty that now often is. 

The foregoing remarks apply travel surface roads, speeds 
much the same now practiced. The change method has already 
begun, and its adoption all railroads simply matter relative 
cost—in construction, maintenance and operation. 

would seem probable, however, that the next generation, not 
this, entirely new type high-speed railroad will devel- 
oped. Mechanically, the world ready begin it—financially, not 
yet, for its cost would great. Upon some special type track, 
confining the cars absolutely against derailment, speed 120 150 
miles per hour, and possibly more can doubtless obtained; and 
would not seem very wonderful feat cover the miles 
between New York and Philadelphia half three-quarters 
hour. There are physical mechanical obstacles which cannot 
overcome with our present knowledge and some experimenting with 
details. 

The danger collision with other objects can avoided the 
use elevated roadway with absolutely crossings, turn-tables 
switches; and with the trains run upon positive electric block system, 
one direction one track. 
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The questions derailment and collision being obliterated, the Mr. Smith. 


speed trains will limited only air resistance and the strength 
the wheels resist centrifugal wheels are used. the cars 
are made long, narrow, pointed, very smooth and properly jointed 
together when trains more than one, they can probably run 
high speed without encountering such great air resistance would 
make the cost power too great. Such cost, however, must not 
based upon present train weights relation live load. 

article the for January, 1891, the speaker showed 
that the dead weight carried American railroads, many cases, 
amounted tons per passenger trains Pullman cars, and that 
standpoint this excessive weight not necessary. The bicycle has 
shown that person can carried over smooth dirt road with 
dead load, and iron pathway this can further reduced; 
riding tricycle covered from the weather, car, this load 
might 150 lbs., about his own weight. 

this respect the bicycle has been object lesson, and has shown 
much refinement its mechanical design and composition, with ball- 
bearings, steel suspension-spokes, tubular frames, etc., that our old 
notions wagons and cars appear absurd comparison, especially 
when carry tons, even ton, dead weight for each passenger. 

has been demonstrated that heavy steam locomotive and train 
can travel upwards 100 miles hour, with all the disadvantages 
tremendous load not the drivers, and degree uncertainty 
whether not the train will stay the rails. however, such 
train could made safe upon surface road, the speeds under con- 
sideration, and aid not cost too much for power, yet there are 
limitations speed respect getting steam through the ports 
quickly enough and working reciprocating members—as pistons, 
connecting-rods, etc. These limitations not exist with rotating 
electric motors. 

would seem likely, therefore, that some may live see some 
such railroading has been indicated—a service safe, rapid and fre- 
quent, developed first over short distances between very large cities. 
Should succeed adapting the axles some form suitable roller- 
bearings, will save much power possible under the circum- 
stances. Should we, further, enough find practicable 
equip our wheels with rubber tires, some yet discovered 
equivalent, then might get smoothness and quietness running 
which would indeed proclaim the advent the ideal railroad. 

One reason why electricity works better upon steep grades that, 
with the best modern systems, every wheel the train can made 
driving wheel. train can comparatively light, without the dead 
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weight locomotive, and yet have sufficient traction. With steam 
train not only have the cars very heavy, especially Pullman cars, 
but have the big locomotive itself drag grades, with only the 
adhesion due the weight part the locomotive, such happens 
onthe drivers. This evidently very different from being able 
have very light train and making every wheel driver, with every 
pound the train and load contributing its share adhesion. 

point, has referred mainly passengers. The question carrying 
freight combination with passengers, upon electric lines, should 
also discussed. Generally speaking, has been found that for 
short distances passengers can carried more comfortably and more 
cheaply electricity than steam, but the carrying freight 
little has been done electricity yet. That feature which will 


grow the future. 


Mr. Davison. 


When freight carried over passenger lines electricity 
will have taken through city streets, least over highways, 
and the rails should designed meet the conditions electric 
cars which have shallow flanges; freight cars with deeper flanges, and 
which vary more gauge, requiring not only deep groove 
but wide flangeway; and the ordinary vehicle 

Davison. Am. Soc. E.—About years ago the 
speaker was charge the construction small branch line near 
Pittsburg which was required connect small manufacturing town 
with the Pittsburg and Lake Erie Railroad and the Pennsylvania lines. 
was independent corporation, controlled manufacturers the 
town, and was equipped first with steam power. The president 
the company conceived the idea that with such cheap fuel 
had that neighborhood, and view proposed change the 
future from steam water power, would proper operate 
this branch electricity instead steam. experimented slowly, 
and equipped the line trolley road, but separated the passenger 
and freight traffic, and carried the former electricity and the latter 
steam locomotives. 

The speaker does not know the results the operations this 
company, but judging from later occurrences believes that the 
separation the passenger and freight service was found 
mistake. this case the company had ideal conditions for cheap 
fuel, and had also its own electric power plant. was not necessary 
install new plant, but simply add the old. 

The road was afterward purchased the Pittsburg and Lake Erie 
Railroad Company, and now being operated branch that 
road. The company, acquiring this branch line studied its opera- 
tion determine whether should conducted electric 
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steam road. the electrical equipment was discarded and the 
road now being operated steam, may assumed that elec- 
tricity was found uneconomical. The causes which led this 
change are not known the speaker, but suggests that possibly 
the trolley equipment might have been found very inconvenient when 
operating the road steam freight line. The third-rail system 
may prove more practicable than the trolley such cases, but 
the latter must excluded account its inconvenience. 

the vicinity Pittsburg there large mine which operated 
for some miles back from the point where the coal brought 
the tipple; the means bringing the coal the opening being 
virtually This branch passes through several 
tunnels and has been operated steam railroad for number 
years. the present time the first miles the road being 


Mr. Davison. 


operated electric line, using the trolley system, and the 


remainder the line, next where the coal brought out the 
tipple, steam locomotives are used. The owner stated that the opera- 
tion had been planned that way, and that they had been justified 
hauling the coal the first distance electricity, because the use 
steam locomotives the mines was detrimental the health the 
men. But, taking full account the cost installation, power, etc., 
they had not found that would cheaper better continue the 
use the trolley the tipple. 

The fuel this power station delivered directly from the mine 
into the boiler house, and yet, the miles operated electricity, 
the saving fuel small that the expense electric equip- 
ment for the remaining miles would not justified. 

the topic for discussion refers only the operation branch 
roads, connection with main line, Mr. Smith’s proposition 
attach motor every axle the train would seem impractic- 
able would involve the equipment every car the trunk 
line that could used the branch. 

Wess, Assoc. Am. Soc. E.—The relation grades 
the question steam electric operation has not yet been touched 
sidered steep, while marks almost the limit working such 
roads; yet many the electric railroads the United States there 
are grades 10% and even steeper. steam roads which are steep 
some places and flat others great power. This 
occurs, not the heavy grades where the engines are hard worked, 
but the light grades where the great reserve power—at those points 
doing practically work—has maintained for service the 
heavy grades. electric road the amount power used 
almost proportional the work done, and this important 
element its economy. railroad mountainous region 
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should possible adopt cheaper form construction than 
necessary for steam road with its requirements low uniform grade, 
and use freely very steep grades where desirable. Assuming fair 
amount traffic, distributed keep the road uniform 
operation, electricity will, many cases, prove more desirable than 
steam locomotives, taking into consideration the interest the cost 
the construction and installation, and the expense operation, and 
this will true for these reasons alone, say nothing the possible 
economies consequent utilization water-power. 


power, either steam electric, implies constant and continuous 
operation the generating plant. When variable power needed, 
the generating plant must constantly operated its maximum 
efficiency. When the work accomplished can distributed 


-over continuous period hours, the power can more 


economically generated indirect application through stationary 
plant than direct application the fuel the motor, the 
steam locomotive. Where, however, the work involves spasmodic 
application, occupying only limited amount time, irregular 
periods during the day, the generation power independent 
motor, capable producing itself the power needed, more con- 
venient and more economical than its production central plant. 

Steam power present day can generated spasmodically 
more efficiently than electric power. The requirements railroad 
service line limited traffic are spasmodic, reaching maximum 
certain hours; and until storage battery has been devised which 
the power produced continuously can stored and used for spasmodic 
application, which application shall satisfy maximum call greater than 
the average efficiency required the generating plant, electricity can- 
not applied more economically than steam. present, seems 
the speaker that where the work spasmodic, steam power is, and must 
be, more economical than electric power, for branch railroads. 


Am. Soc. E.—In many States the 
warming cars obligatory law, and the cost heating should 
therefore taken into consideration comparison railroad 
operation steam and electricity. About three years ago the 
speaker had occasion test electric heater. There was unit 
measurement determined, but the heater furnished was found, 
comparison, agree with ft. steam-heating surface. was 
found that ft. steam-heating surface will condense about 
water hour, about 0.25 H.-P. The electric heater, prac- 
tically the equivalent the heating surface mentioned, required 
between and electric H.-P. The result this test indicates that 
warming electric heaters requires times the horse-power 
needed warm steam. 


DISCUSSION ELECTRICITY VS. STEAM FOR RAILROADS. 445 


Am. Soc. E.—There mystery about this Mr. Jackson. 


matter, and Mr. Croes has the case. more economical 
—not more generate power for operating railroad 
group manufacturing establishments central station only when 
the power can used continuously over long hours, for the reason 
that when the traffic the railroad the load the motors the 
manufacturing establishmentsis continuous, the demand the central 
station for power continuous, and the cost for interest and labor per 
horse-power hour developed the station brought reason- 
able figure. Where traffic requirements are intermittent, more 
economical operate railroad steam locomotives. plant 
000 H.-P., installed operate branch railroad with freight traffic, 
called for its output for only hours the day, hours in- 
terest charges lie against the hours output. There are the 
station, daily, possibly.10 hours full labor and hours one-half 
one-third labor, and this charged against the 3-hour output, 
makes the cost operating the station, per horse-power hour, 
enormous. Whether not, electric power may economical various 
cases is, Mr. Prout has said, matter the distribution traffic. 

These remarks apply equally electric power plants where the 
prime power derived from steam engines water wheels. The 
larger cost development water-power plant will often cause 
excess interest charge which equal the cost fuel steam 
plant designed the same work, and the average small water- 
power plant does not embrace such economical advantages are gen- 
erally ascribed it. 

The case main line feeder, put Mr. Haines, special 
case under the general proposition, and under some circumstances 
possible that electric power can handle the traffic most economically. 
These conditions would assume number main-line feeders, located 
reasonably near given point, that the entire load all these 
branches may carried central station, using fairly high trans- 
mitting pressure. The traffic should broken into units somewhat 
smaller than would operated ordinarily steam power direct, and 
schedules train movements should arranged that the station 
may fairly well loaded during least hours. the schedules 
are arranged that once twice during the day single mixed train 
will running simultaneously over each these branches, the 
speaker doubts electric power, from the point view dollars and 
cents, can ever compete with the steam locomotive. 

Referring the requirements for the electric heating cars, some 
the western electric street railways make provision for turning into 
the heaters during cold weather, much power required move 
the cars. other words, very cold weather, station output 
double that necessary handle the cars anticipated. 
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Am. Soc. E.—In discussing this question 
important feature the ability store electric power. recent 
years several electric power plants have been constructed that, when 
running rate, the power generated excess current 
demand could stored secondary batteries acting reser- 
voirs, given out again whenever the demand for power exceeds 
the capacity the plant. 

railroad train descending grade wastes power grinding 
brake shoes, and heretofore this power has not been stored any 
form. possible generate and store that power the form 
electricity, which can used again hauling trains cars 
ascending grade, for lighting heating purposes. The speaker 
believes that the feature storing electric power should have 
important bearing any comparison the economies locomotive 
and electric traction, particularly mountainous countries where 
coal may dear and water-power cheap. 

Epwarp Am. Soc. E.—The speaker objects the 
statement that steeper grades can used electric tramways than 
ordinary steam railroads. While undoubtedly true that 
steeper grades are used trolley lines than ordinary railroads, 
this difference should not credited electricity against steam, 
but the placing motor under each car. steam engine were 
applied car this manner, the car could driven any the 
grades found trolley lines. 

Before any trolley lines had been constructed the speaker had spent 
two three years assisting inventor developing and introduc- 
ing steam street car, which was run successfully Brooklyn. This 
car, which was propelled three-cylinder steam engine, placed 
between the axles and suspended from the car frame, was able run 
10% grades. 

While such car might used advantage, where only few trips 
had made each day, had several disadvantages compared with 
trolley cars: The weight the boiler was objectionable; 2d, 
licensed engineer was required for each car. One the great advant- 
ages the trolley system that men ordinary intelligence can soon 
taught run the cars. 

the case pulling special motor, the grade that 
could overcome depended, was well known, the weight the 
driving wheels, the rolling friction the wheels, and the weight 
the train. made, therefore, difference regards the grades, 
whether steam, electricity, compressed air, any other motive power 
were used propel the motor. 

Am. Soc. E.—Each particular case this 
kind must considered itself. the case indicated Mr. 
Haines, which the power rented and paid for, presumably, 
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meter, the conditions economy would very different from Mr. Moore. 


those which the railroad company would required install the 
and bear the cost the current whether were being used 
not. Therefore proposition which would cover all cases might 
very far general proposition can now made 
must substantially indicated Mr. Prout. 

When the conditions are those urban very large 
number small has abundantly demonstrated its 
superiority over every other form motive power; but when the 
conditions are very different from those urban the 
trains are infrequent heavy—the speaker doubts its economy, and 
sees indications that likely economical the near 
future. 

Regarding the superior economy claimed for the electric motor 
heavy grades, the point cited Mr. Wegmann sufficient answer. 
The power developed only the traction the driver the rail, 
and that function its weight; thus, there can saving 
that respect. But there another point which should not lightly 
regarded, the great danger, operating very steep grades, the 
failure brake power. Any such failure means disaster, many 
who have had occasion operate heavy grades well know. 

fact, if, with possibility doing otherwise, any one 
tempted use heavy grades, the best advice follow that 
Punch those about Don’t.” 


Am. Soc. E.—The facts are against the 


assertion that the grades electric road can steeper than 
steam road. The power locomotive depends upon its adhesion 


the rail, and makes difference whether the power steam 
electricity. 


Davis, Assoc. Am. E.—This question is, without Mr. Davis. 


doubt, one the kind traffic, and one more familiar with 
hydraulics than with railroad work, appears matter 
saving, not 20, 50% the fuel, butallofit. been pointed 
out that electric power makes its best showing the mining regions, 
and one its chief advantages seems that steep grades 
requires less dead weight than steam power, important point 
regions where steep grades are unavoidable. mountainous regions 
the railroads, both main and branch lines, follow the streams, some- 
times heavy fall, where water power can developed cheaply. 
many cases the West water-power plant would not chargeable 
with the total expense the development, for whatever diversion 
works and storage facilities are required are equally available parts 
irrigation system which will receive the water after has been 
used for power. 


Two lines railroad extend the line the Arkansas River, 
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cross the Rocky Mountains and Grand River down the 
other side. There, where coal much more expensive than the 
East, immense amount power, constantly going waste, 
which might utilized the electric system move those frequent 
and trains. Undoubtedly, the time approaching when 
great saving can made equipping with electric power, not only 
branch lines, but main roads well, through mountainous regions, 
where water power Improvements the transmission 
power are still possible, and the utilization water-power railroad 
operation mainly question transmission. transmission 
methods are improved, and railroad traffic such regions increases, 
the advantage electric over steam power will demonstrated with 
definiteness which the probable advance the price fuel 
will add its contribution. 


Am. Soc. E.—This question was suggested 
the speaker because considered practical moment, and 
because desired obtain from members the Society authentic 
expression opinion how far, the present state the art, 
was advisable substitute electricity for steam motive power 
branch lines steam railroads. 

electricity used branch lines must used connection 
with the vehicles which passengers and freight are transported 
the main lines. not only desirable ascertain what can done 
with electricity under this aspect the case, but also what cannot 
done. There one general proposition that all will accept, viz., that 
the present state the art there doubt that electricity can 
economically substituted for steam branch steam railroad 
where there are single units transportation moving frequent inter- 
vals, because the power can used uniformly and continuously and 
because large plant not lying idle for the greater part the 
time. 

state the cases which electric transmission cannot applied, 
process exclusion must used; therefore, let said that 
can applied economically branch lines for suburban purposes. 
that the case, strengthens the steam railroads which have 
suburban branches competing with trolley lines. This seems have 
been the idea which has prevailed the minds the management 
some the principal railroad systems operating out large centers 
population. The speaker recently had occasion talk this matter 
over with some the principal officials the New York, New Haven 
and Hartford Railroad, who have probably had more experience this 
matter than anyone else; and the impression received was that they 
are quite well satisfied with what they have done thus far experi- 
mental way, and they are extending the system. There one point, 
however, which they have not yet determined, and that is, the con- 
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ditions under which the third rail should take the place the trolley Mr. Haines. 


wire. 


Admitting that electricity can used economically suburban 
lines the next question is: Can used branch lines under other 
conditions? Judging from the preceding discussion the speaker 
believes that electric motors might used great advantage 
branch lines manufacturing district, even for handling freight, 
power can obtained along those lines from manufacturers who 
have spare. 

line running into rural district would seem hardly practi- 
cable use electricity, unless, Mr. Davis remarked, water-power 
could obtained. That was one the conditions the case which 
was being considered the speaker. The main line was for some 
miles parallel with stream which was intended develop for 
manufacturing purposes; but the line ran along ridge and the water- 
power was down inthe branch lines could run down into 
the valley the water-power there could probably used more 
economically than steam. 

The speaker need not discuss the question heavy grades, that 
has been covered well Mr. Buchholz. Unless the use 
electricity the traction can made stronger than the mere adhe- 
sion due the weight the locomotive, that question need not 
considered. 

sum up, may said that the present state the art 
only admissible apply electricity what may called suburban 
passenger lines; except that may applied where power, for certain 


local reasons, may obtained more cheaply than means the 
steam locomotive. 


| | 
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Kunz, Am. Soe. (by letter).—The method influence 
lines not often used other methods, although the simplest 
way determine stresses, even for uniform loading, many cases, 
and particularly for web-members all but Pratt trusses, bending 
moments pins when simultaneous stresses have found, etc. 

page the author gives general rule for drawing influence 
lines. For use special cases all similar methods derived from the 
theory moments offer for web-members but little advantage, the 
point intersection the top and bottom chords, lies, rule, be- 
yond the drawing board. all the methods published this subject, 
the writer gives the following the simplest has was 
first published Professor Land and applies 
all cases trusses with verticals and least one horizontal chord. 

For diagonal rising the left, Fig. (and rising the 
right, Fig. 11): 

Produce the top chord the panel question its intersection 
A,, (B,), with the end vertical (B), and join and (B, and 
then the area A,, (area A), the influence area 


from April, 1899, Proceedings. See March, 1899, Proceedings for Paper 
Hoskins, Esq., this subject. 


Centralblatt der Bauverwaltung, 1897. 
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when unit load. 
Its (tension) and 
(compression) value 
found simple in- 
spection. 

For vertical 
D,, Fig. (and Fig. 
11): 

Produce the top 
chord next the 
vertical its inter- 
section (B,'), 
before; then the area 
influence area when 
unit load. 

Professor Land de- 
rives these rules 
general way means 
cinematical prin- 
ciples. The writer 
gives, the follow- 
ing, proof, using 
the general rule 
page 78. 

Given four verti- 
and point (Fig. 
12). From draw 
any two lines, join 
join D,; then 
the locus the point 
intersection 
same vertical for 
any two lines drawn 
from Since (Fig. 


Mr. Kunz. 


Area influence for diagonal 
= area A,C, DBA, +a 


1 
! 
' 
| 


1 Area of influence for vertical I) D,: 
| =area A,D,EBA,+h 


! 

| 

! 

Area of influence for diagonal C Dy 


10. 
> 
' 
F 
1): my, Y2 = Area of influence for vertical cc, 
11. 


Kunz. 
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the position the z-vertical depends only the relative posi- 


tion the verticals and the point 

drawing the two lines from through the skeleton the truss 
sponds the one and the 
other, see directly that lies 
vertically above represents the 
zero point, and hence the area 
influence area the stress the 
diagonal 

There remains only find its scale. other words, what unit 


12. 


h ie | Ch, “ats 
l F Ay! v4 
which can easily scaled off the skeleton. From the 


proportion follows the 
construction the line 
any desired scale. 

For the vertical (Fig. 14) 
follows that the point the 
zero point the influence area 
tion Fig. 14, have again 


1 


¢ 


After short transformation get unit load, and Mr. Kunz. 


Area of influence for diagonal C.D 
=area 


Area of influence for diagonal E, F, 
=area ADF, B, A= 


Fig. shows the application the above rule for the diagonals 
half truss drawbridge considered single span, which will 
particular use determining the bending moment the pin 
for this condition. 


| 
A= 2 | ' 
' , a H 
H 
3 
i 
H 
' 
\ 
H 
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COMPARATIVE TESTS BITUMINOUS STEAM 
COALS. 


Discussion.* 


Mr. Bryan. Bryan (by letter).—This paper represents such 
amount experimental research, and the results have been compiled 
with such great labor and care, that considerable study necessary 
fit one discuss intelligently. This, taken with the author’s high 
standing engineer, would, for the most part, tend disarm 
criticism. The paper unquestionably most valuable addition 
the data the value steam coals everyday steam-boiler service. 

The following points criticism, however, would probably occur 
the average engineer familiar with boiler trials: 

starting and stopping the tests not seem 
have been done either the the method, 
recommended the code the American Society Mechanical 
Engineers, which for many years has represented the best American 
practice. regretted that one the other plan was not 
followed rigidly. The author states that the time beginning and 
closing test was when the coal charge the grates was longer 
able maintain pressure. This seems rather indefinite, 
and more likely introduce error than either the 
method referred to. The writer’s preference for the 
method, which thinks would have given excellent 
results the present case; and doubts whether Mr. Hill’s method 


*Continued from May, 1899, Proceedings. See April, 1899, Proceedings for Paper 
John Hill, Am. Soc. E., the subject. 
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insures that the quantity and condition the fuel the grate are Mr. Bryan. 
the same the beginning and end the test. The duration is, 

all except six tests, exactly hours, which leads the suspicion 

that exactness the conditions might possibly have been sacrificed 

uniformity time. The duration the tests, however, was suffi- 

ciently long eliminate largely any errors which might have crept 

in, starting and stopping. 

Second.—The use meters for measuring the water seems unfor- 
tunate, view their known unreliability. The system calibra- 
tion was, course, such reduce the possibility error 
minimum, but the use the ordinary weighing measuring tanks 
would not have greatly increased the complication, and would have 
eliminated doubt. 

Third.—Table No. comparison the boilers when clean and 
when dirty, and shows fuel saving favor the clean 
boilers. The cleaning, however, seems have been entirely internal, 
and data are given the effect soot the external surfaces. 
The writer has found this beamuch more serious scale, 
cutting down capacity and efficiency very rapidly. Many the coals 
tested were regretted that Mr. Hill did not 
the same time make some record the smokelessness each these 
coals, they doubt differed greatly this characteristic. The 
question smoke abatement live one Cincinnati just now. 

Fourth.—Mr. Hill’s method determining the accidental moisture 
coal drying sample the man-head good one. Great 
care must taken, however, insure that representative average 
sample secured. still better plan air-dry, warm room, 
the entire amount coal burned, whenever possible 
so. 

The above criticisms, will noticed, are details minor 
importance, and not affect the value the paper 
the writer’s judgment the results are not only strictly comparative, 
but their absolute value great, even though the author’s methods 
may not every detail meet the requirements the highest technical 
refinement. 

Mr. Hill has done well call attention the effect external 
conditions upon the quality the steam. When boiler crowded 
beyond its rated capacity, when its rate work changed sud- 
denly and materially, where the condition the fires altered 
suddenly, natural for the effect felt increased moisture 
the steam. also true, however, that well-designed boiler will 
keep these disturbances minimum. 

The surprising fact that increased stack temperatures are some- 
times accompanied higher boiler efficiencies has been noticed 
others, and probably due the fact that combustion more 
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complete when the fire-box temperatures are high, and that the heat 
transmission the water better account the greater differences 
temperature. also probable that much smaller excess free 
air admitted the grates such times. 


Mr. (by letter).—In connection with the labora- 
tory work Sibley College, Cornell University, various forms coal 
calorimeters have been used, and the results obtained compared 
with different calorimeters, and number cases the deter- 
minations have been compared with the computations made from 
complete chemical analysis. 

general conclusion probably possible get accurate 
results with all the commercial forms which admit standardization. 
fact, quite possible get identical results, proper manage- 
ment and correct manipulation, with any these instruments. The 
question inaccuracy cannot raised much with reference the 
instrument used the personal habits and methods manipula- 
tion, found that nearly all the errors calorimetric deter- 
minations which are made students are due personal errors 
observation. The errors most likely made are those pertaining 
the weighings and the determination moisture which may 
occur the samples coal during the manipulations. 

The various errors which are made calorimetric determinations, 
other than those pertaining the instrument, may summed 
follows: 

(1) Errors sampling. 

(2) Errors weighing the sample the residue ash, 

(3) Errors caused change moisture the sample during 
the various manipulations. 

(4) Errors weights water the calorimeter. 

(5) Errors rise temperature water. 

(6) Instrumental errors. 

The writer will consider these various errors the above order. 

(1) Regarding the errors sampling, the writer’s experience has 
shown that the directions for obtaining the sample are properly 
followed, little error should result from this cause. The 
practical proof this assertion the uniformity results which have 
been obtained the laboratory work referred with great number 
samples coal, taken not only from the same carload, but from 
different carloads from the same mine. fact, these investigations 
rather serve show decided uniformity the value the com- 
bustible matter the coal taken from entire region. The only 
prominent exception this the coal from the Clearfield District, 
which seems vary widely character. The coals from most the 
other districts, while differing greatly from each other, agree very 
closely when from the same mine. Thus there reason expect 
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500 per pound combustible; the coals from the districts 

further west and which are classified semi-anthracites, usually give 

heating value nearly 000 per pound combustible. 

This value also very closely realized the bituminous coals the 

Pittsburg district. The coals found about the same latitude 
Pittsburg show gradual falling off heating power the 
source supply removed westward and increase amount 
moisture. The Hocking Valley coals have heating value about 
500 per pound combustible, while those still further 
west show considerable falling off value; some the Illinois coals 
showing low 000 per pound combustible and 000 
000 per pound coal. This regularity the quality 
coal from the same district neutralizes very greatly the effect 
errors sampling. 

(2) 'The sample usually selected for calorimetric determination has 
burn very much larger samples coal because the expense 
the necessary oxygen, nor necessary, provided the weighing 
accurately done chemical balance. The difficulties securing 
perfect combustion would also increase were the sample made much 
larger. order accurate weighing, person must understand 
the use chemical balance. This not difficult machine 
master, but the writer finds from experience that engineers are 
accustomed work with large quantities that more errors are made 
its use than performing any other operation connected with the 
calorimetric determination, except the temperature readings. There 
is, course, excuse for this condition affairs, except that engi- 
neers are not trained make fine weighings. Any error weighing 
affects the results direct proportion. 

(3) The samples coal should shipped hermetically sealed 
jar, retain the original amount moisture. Coal gives 
takes moisture very readily and very rapidly, may drier 
damper than the air the room. This change rapid that, the 
coal originally received burned the calorimeter, considerable 
error may result from change moisture contents sufficient affect 
seriously the results, between the time taking the first weights and 
getting the coal into the calorimeter. This error can obviated, 
large part, making all determinations very dry coal. The 
writer once presented paper before the American Society Mechan- 


that coal from the Lehigh anthracite region will show very closely Mr. Carpenter. 


ical Engineers describing the Hygrometric Qualities Coal. 

(4) Errors weight water the calorimeter affect the results 
directly, since, most cases, the heating value determined from 
the product rise temperature and weight water; the water 
used ordinarily from 300 800 times that the fuel burned. 
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Mr. Carpenter. 


(5) Errors rise temperature may due lack uniform 
temperature the water and errors thermometer readings. 
account the large amount water relation the fuel burned, 
the temperature change very small, and great care must 
taken temperature determinations. These are fully likely 
occur errors weighing. They are minimized using very 
accurate thermometer and taking the readings with great care. 

(6) The errors due the instrument itself and inherent can 
always eliminated process standardization. The best 
method standardizing is, doubtless, the burning charcoal made 
from sugar, and this reeommended the German chemists the 
most reliable method determining instrumental constants. 

appears from the paper that Mr. Hill used for his work the 
writer’s calorimeter; determinations have been made 
coals which the writer has not previously tested, and consequently 
the writer unable give any results which could used verify 
those the paper. The results seem, however, from knowledge 
coals adjacent regions, reasonable, and what would 
expected. 


TABLE No. ANALYSIS AND CALORIMETRIC DETER- 
MINATIONS, MECHANICAL LABORATORY, SIBLEY COLLEGE, 

Coalused Combustible 
100% 


First sample. received. 100% 

36.17 38.35 43.70 
U., from calorimeter, per 

Second sample. 

U., from calorimeter, per 

Average. 

36.23 38.43 43.73 


from Wills Creek, Ohio, used test Wickes boiler Wyandotte, 
November 15th, 1898. Sample ash contained 32.9% combustible, corresponding 
ash the test. 
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Furthermore, judging from the method use the instrument, Mr. Carpenter. 


and the care and accuracy with which the experiments were 
performed, the results can adopted accurate and reliable. 
numerous cases the writer has checked the values obtained with the 
calorimeter used Mr. Hill with those obtained the bomb calori- 
meter, commonly called Mahler’s, and when the experiments have 
been carefully performed, error exceeding 0.5% was found. This 
limit error the operation the instrument. ‘As 
both the instruments mentioned were standardized and operated 
entirely different methods, the concurrence results would indi- 
cate the substantial accuracy both. 

Table No. gives the results determination two samples 
coal from Wills Creek, Ohio, made with the Carpenter calori- 
meter, together with computation the heating value from 
complete chemical analysis. The results are interesting showing 
the close agreement which may obtained different 
methods. 

Heat Value Coal Computation.—A complete analysis this coal 
shows the following constituents the volatile matter: 

Combining this analysis the volatile matter with the approximate 
analysis obtain: 

Volatile matter, 20.31; moisture, 5.73; ash, 11.415; fixed carbon, 
46.625. 

The heating value U., corresponding the analysis, may 


substitution 

The calorimetric determination for this sample, which was used 
November 15th, 1898, gave 031 per pound coal. 

The close agreement the computation with the calorimetric 
determination indicates the correctness the determination given. 
The coals used two different days from different carloads have 
heat values which differ from each other less than 0.5%, and, 
hence, for practical purposes comparison, they may considered 
identical. 

The writer has nothing urge relation the advantages 
disadvantages any particular form calorimeter, although doubt- 
less could said favor against any particular type, 
depending upon the standpoint from which the subject was viewed. 
feels positive that the instrumental errors the calorimeter used 
Mr. Hill are small magnitude and few number 
those any instrument made. 
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THE ARTIFICIAL PRESERVATION RAILROAD 
TIES THE USE ZINC CHLORIDE. 
Discussion.* 


MAN, CHURTON, and VAN VRYBERGHE CoNINGH. 


greater importance the engineer using wood, under conditions 
subject decay, than that the preservation timber. technical 
knowledge the composition the timber, the chemical and 
mechanical conditions met, the effects moisture and frost, 
wear and tear, the juxtaposition other materials, such iron, 
steel zinc against wood, the resistance the material trans- 
verse crushing, rust rot, and the relative cost the operation, etc., 
requisite for satisfactory answer whether any method, 
which method, advisable for the preservation timber. 
Owing the great expense and trouble making continual 
physical and chemical analyses, the almost impossibility exami- 
nation after application, the long period time required determine 
the success method, and the necessity having perfect confidence 
the integrity those who supply the materials and apply them, 


*This discussion (of the paper Walter Curtis, Am. Soc. E., printed 
Proceedings for April, 1899),is printed Proceedings order that the views expressed 
may before all members the Society for further discussion. (See 
rules for publication, Proceedings, Vol. xxv, 71.) 

Communications this subject received prior September 28d, 1899, will 


later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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the use some method preservation timber is, and for years Mr. Lowinson. 
will be, only works where methods investigation are carried out 

with care, where the user places perfect confidence the integrity 

and knowledge the parties applying the process. Failure due 

ignorance and corrupt practice much fundamental error 

theory. 

the author states, there has been practically English and 
little German literature the subject value, since the report 
the Committee this Society 1885. Such knowledge has been 
obtained the note books the chemists and engineers who have 
investigated the question. The various methods application 
preservative processes have had almost uniform experience. The 
history engineering strewn with wrecks numerous methods 
which promised much,” but, under conditions experience, per- 
formed little. Very nearly every large railroad the United States 
has one time another experimented this line, and many have 
ultimately given up, either because the poor results the experi- 
ment, for reasons beyond the control their engineers chemists. 
There has been practically advance this department applied 


substances which thus far have given the best results are 
the application chloride zinc, the bichloride mercury and the 


products resulting from the destructive distillation coal tar” (used 
creosoting). 


The literature Preservation ably discusses these processes 
applied previous the time the above-mentioned report. care- 
ful reading the author’s paper will show practically all the defects 
and objections the first and second processes. will only 
necessary here add the practical difficulties which have hitherto 
prevented the more general application these processes. 


CONSIDERATIONS AFFECTING THE ADOPTION PRESERVATIVE 
PROCESSES. 


The Consumer.—In the everyday life railroad maintenance 
the ‘‘powers that are appointed most cases because their 
ability give their road good showing the stock market. The 
necessity showing all times maximum excess receipts over 
expenditures generally influences these representatives the stock- 
holders object the added expense plant, the added cost 
preserving the timber, which must thereby entailed for the 
period years until the entire track has been placed good con- 
dition; even the assumption that the process will success. 
assuming that official would not true the trust held 
should increase the expense maintenance for single year and 
thereby depreciate the earning power the invested capital, even 
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though might certain ultimate saving annual outlay; 
because the very condition, viz., the property marketable one, 
and the only practical method conducting the work make 
only such repairs are absolutely necessary prevent its ruin. The 
results this process are seen many large railroads. The only 
time actual outlay the time reorganization, when the 
road passes into the hands receiver whom the ultimate preser- 
vation the property more importance than the question 
temporary value stock. other words, the duty the 
official run the road poverty basis even though much 
greater ultimate expense.” 

The Process.—Besides those described, the creosote processes 
are the only others with which satisfactory results have been obtained. 
Referring the report the Committee this Society, the state- 
ment, that creosoting the most perfect method preserving 
timber, still holds true. Since the publication that report, and 
the result the investigations the German Governments their 
railroads, the attention scientists has been devoted the produc- 
tion creosote and other products such combinations 
applicable without the expense plant for impregnation under 
pressure. The present commercial standing the creosote process 
itself also unsatisfactory because its unsuccessful application 
many cases, due either insufficient impregnation the use 
inferior material. may not improper this discussion state 
the kind creosote used and its composition. 

the first place, the creosote used what commercially 
known coal-tar creosote. one the many products derived 
from the destructive distillation coal-tar. From this are derived 
products covering almost the entire range human application. 
Among these may mentioned all the aniline colors, the various 
perfumes, essences and flavoring extracts, high-power explosives, 
medicines, fertilizers, saccharines, photograph developers, benzines, 
ammonias, antiseptics, lamp black, lubricating oils, varnish, creosote, 
shellac, cresylic acid and other wood-preserving chemicals, 
Besides this material, there wood creosote, derived from the 
destructive distillation pine, which more will said later. 

The creosote must heavy dead oil, the best quality, free 
from tar and other impurities. The ease adulteration this 
product mixture with naphtha, and the difficulty detecting 
such adulteration without continued analyses the material, are the 
probable causes failure most attempts where was assumed that 
the genuine product was used. extensively the adulteration 
carried that few engineers have confidence the process because 
their inability tosecure this product. the cost this creosote 
that prevents its practical application. necessary know the 
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constituents the coal-tar product, and, the present time, com- Mr. Lowinson. 
mercial reasons require brought from Europe. Its composi- 

tion depends the conditions its manufacture. must 

dense, and have specific gravity varying from 1.05 1.20. must 

distil temperature not less than 425°, and must rich its 

principal ingredients, naphthaline and anthracene (C,, 

The method impregnation, when done outside contractors, 
such frequently prevents the inspector from knowing whether the 
proper really being injected. not the speaker’s inten- 
tion question the integrity any plant, but the experience many 
engineers has been that deception has been practiced here such 
extent either drive out competition many reputable concerns, 
discourage the user cause him despair success. Not 
only this true, but the chemical analysis the material under 
inspection difficult process. These objections are applicable all 
processes impregnation. Properly executed, however, the results 
are gratifying the engineer. 

The New York Division the Erie Railroad, years ago, had ties 
Burnettized, and whereas, untreated, their average life was years, 
most these treated ties had replaced within years. The zinc- 
tannin process, with the addition glue, appeals the thoughtful 
engineer meeting most the conditions required for preservative. 

The Material.—The speaker would ask the author what the depth 
penetration and what method, any, has been adopted for the 
protection the tie when cut bruised admit water and 
frost; also the effect checking and the effect seasoning timber. 

The speaker does not agree with the author that the transverse 
crushing negligible quality. series tests made the speaker* 
the transverse crushing strength timber gave the following ulti- 
mate values: For seasoned white pine, 550; yellow pine, 774; and oak, 
200 lbs. per square inch. 

interesting report the Bridge and Trestle 
Timbers” the Association Railway Superintend- 
ents Bridges and Buildings, which Walter Berg, Am. Soc. 
E., was chairman, October, 1895, regard transverse strength, 
the Committee reported and recommended the average safe com- 
pressive strength across the grain: 


Southern yellow pine............ 350 per square inch. 
Chestnut and Norway pine. .... 250 
Spruce, cypress and cedar....... 200 


The stresses which tie subject, and which turn contribute 
its destruction, either through mechanical force decay, are the 


The Engineering Record, December 12th, 1896. 
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Mr. Lowinson. transverse crushing resistance, torsion due track moving and 
tion rails, the shock due hammering the live load trans- 
mitted through the rail, The results the speaker’s 
investigations have led him recommend the adoption tie plate 
between the rail and the tie whenever preservative process 
applied any tie other than oak, for the very reason that although 
the treatment for preservation will aid lengthening the life tie the 
decay only one the causes destruction; and protection must 
sought every possible way. When seen that the safe transverse 
crushing strength, for instance, only 250 lbs. per square inch, even 
allowing for alleviation due stiffness the rail, the speaker would 
urge additional improvement that the tie plate used. 

regard cutting treated timber, although not often met with 
railroad ties street railroad dock work, the speaker fears 
that not practicable treat the timber the way stated unless 
there some arrangement for treating the exposed surfaces. 

the case creosoted timber, the speaker has seen both the hot 
and cold dead oil creosote applied with brush. street railroad 
New York City using 6-in. yellow pine 
stringer under its heavy rails, supported the yokes about ft. apart 
centers, and large number cases found necessary 
notch the stringers the yokes. The speaker not aware that the 
notched portions are undergoing any treatment, but whether because 
this the creosoting which they have been subjected will increase 
the life the timber not time alone can tell. 

Liquid Preservatives.—The necessity which has arisen European 
countries for treating timber has brought about considerable amount 
experimenting order find substitute for the expensive 
method creosoting. There are two reasons for the great cost 
treating creosote. These are: 

First.—The high melting point the naphthaline (175° Fahr.) and 
the anthracene (210° Fahr.), which are the principal preservative 
chemicals creosote. 

Second.—The necessity pressure process complete the 
impregnation. 

There are now the market Europe least two materials 
the use which claimed that these objections are done away with. 

Whether the statements the manufacturers are true not, the 
speaker not yet prepared state. certainly would recommend 
the most exhaustive éxamination before adopting them. one case 
claimed that the addition chloride the creosote 
combination Burnettizing and creosoting), before the completion 
the process distillation, the chloride combines with the naphthaline 
form yellow heavy oils, dichloride naphthaline 

Cl,) and chloride naphthaline Cl); and the anthracene 
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chloride anthracene (C,, Cl), which temperatures 100° 
200° Fahr. possess great viscosity and consequent penetrating power. 
The writer has seen some remarkable experiments the penetrat- 
ing power this material. 

Wood creosote material obtained from the 
destructive distillation pine. Its vital principle paraffine dis- 
tinguished from the naphthaline and anthracene the coal-tar creo- 
sote. large number so-called preservatives consist this mate- 
rial, either itself combination with other meterials. not 
looked upon favorably preservative, because its unstable com- 
position and its solubility. The much-advertised creosote and other 
paints and shingle stains have this material basis. the 
speaker’s opinion, however, that the addition paraffine paint 
adds nothing its preserving power. 


Am. Soc. E.—By far the largest part the Mr. Haines. 


cost operation railroad devoted wages and salaries, but 
the part devoted supplies examined will found that the 
principal expense absorbed two items, fuel and timber. When 
the amount ingenuity and time which has been devoted devising 
means and methods for diminishing the cost fuel per mile run 
considered, and how little ingenuity has been devoted endeavoring 
extend the life timber, evident that the two items are not 
held proper proportion. hardly any subject that can come 
before this Society that has more economic value than the preservation 
timber; and therefore the speaker has examined this paper with 
interest see what could learned with reference the general 
question the preservation timber, but confesses good deal 
finding that substantially advance knowledge 
this subject has been made since the Committee this Society 
made report the subject 1885. The conclusion that 
Committee was substantially that ‘‘creosoting was the most perfect 
process use, but view the expense may preferable use 
process. With our present knowledge believe the zinc- 
chloride process the advisable one use for ties this country.” 
reading this paper through will found the year 
1899 are farther ahead, and know more than 1885. 
fact, still further disappointment see that this paper, which 
has been prepared apparently with great deal care, the author 
having endeavored gather all the information could find the 
subject, presents little. all impressions, traditions and 
legends, with scarcely any substantial facts, except reference 
what Mr. Kruttschnitt has done. The speaker knows that Mr. Krutt- 
schnitt very reliable all his statements, but unfortunately his 
statements only cover the period from 1894 the present time. 


converted into dichloride-anthracene (C,, Cl,) and Mr. Lowinson. 
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mile track there are about 600 cross-ties, costing, the 
track, nearly cents apiece, and their average life about five 
years, which represents about $230 per mile per annum. the life 
these ties could extended, doubled, for instance, the value any 
process which would accomplish this can readily seen. 

Reference made what has been done Europe, where certainly 
great deal more attention has been paid the preservation timber 
than America. The speaker’s experience has been only with 
creosote, but extends over many years. Probably one this 
Society has had more extended experience the use creosote for 
timber railroads than the speaker, and his conclusions are the same 
those the Committee, that to-day the most perfect process 
that can used. The best evidence the truth this statement 
that abroad, where the zinc-chloride and also the creosote treatment 
have been used for many years, they have come back partially creo- 
sote; that is, they are using zinc chloride and creosote combination, 
apparently with the view getting cheap substitute for the latter. 

the use creosote itself, course every one has had disap- 
pointments. The speaker has had some very bitter ones. Mr. 
Lowinson right saying that the creosote contains certain 
constituents, particularly naphthaline, and used certain 
ways, the result will just certain anything known our 
present experience treating timber. There not any doubt it. 
But the so-called wood creosote fraud, nothing else, and any 
substance that soluble water useless for the preservation 
timber, just anything that proposed superficial its appli- 
cation but little value, for the reason that wherever notch cut 
piece timber surface exposed decay and generally 
some vital part the structure. 

This paper relates zinc chloride, about which the speaker knows 
nothing; but the subject the preservation timber could 
discussed thoroughly and properly and with special reference creo- 
sote standard, then conclusions could reached which would 
great value, not only railroad companies, but every other depart- 
ment industry where timber being used; and for that reason the 
speaker wishes that the Society would take this subject again with 
one its committees and bring the state the art from 1885 the 
present time, should brought, authoritative way. 

would useless discuss creosote, the results obtained with 
that substance are well known from experience England and 
America. The preservation timber that properly creosoted 
almost indefinite the proper timber, the proper substance and the 
proper treatment are used. But this question cheaper substi- 
tute, and the evidence here seems that all the cheap substances 
have been failures, except, perhaps, Mr. Kruttschnitt’s experience 
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since 1894, and, course, years too short time which judge Mr. Haines. 


the results. The most optimistic statement the paper that the 
life ties years. considerable added the cost the 
material the treatment, and then there some 
doubt whether the life the tie will increased 
years, when the untreated timber would have lasted from 4to 
discussion the subject has not much practical value. 

The railroads have not adopted creosoted ties any great extent, 
because the users the timber listen everybody who comes along. 
Such persons have all sorts quack treatments that are ostensibly 
good deal cheaper than the real, substantial creosote treatment, which 
expensive one; and the man who responsible for the annual 
results does not care make investments, the benefits which are 
extended over indefinite series years. 

The speaker’s treatment timber was not much with view 
preservation from decay preservation from the teredo; and 
preserving wood against the teredo, course great part was 
exposed the air and moisture, very hot country where there 
much rain. that way the speaker learned great deal about the 
value the creosote process. order that the creosoting may 
successful the timber and the creosote must the right kind and 
must subjected the right kind treatment. 

The creosotes are all hydrocarbons. The lighter parts so-called 
creosote are value, simply because they are lighter than water, 
and anything that lighter than water soluble therein; but 
certain proportion these lighter parts must retained, order 
keep the creosote that can used under pressure. 
any value creosote cannot used any other way than under 
pressure, and certain conditions must complied with. The wood 
must taken while green, and the sap exhausted while the ducts 
areall open. The creosote must put under suitable pressure 
until the timber weighs sufficient amount per foot. Mr. Lowinson 
has said very properly that great deal the value this process 
depends the integrity the persons who conduct it. There must 
some means inspecting the timber when used and knowing 
that what represented be. With creosote entirely 
practicable know that what has been paid for has been obtained. 

The speaker wishes call attention the little progress that has 
been made wood preservation, judge from this paper, since 1885, 
and, further, the fact that the subject broader one than the 
mere treatment cross-tie timber the chloride zine process; and 
hoped that this Society will take the whole subject again 
and bring the state the art from 1885 the present time. 
that can done the author will have accomplished great deal 
bringing the matter the attention the Society. 
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both interesting and instructive. the year 1877 number creo- 
soted pole pine ties were along the line the Houston and 
Texas Central Railroad. During the years 1897 and 1898 the writer 
had charge the tracks the Northern Division this line, and 
the course his duties had relay about ten miles steel, 
number these ties being the portion relaid. They were exam- 
ined closely, and found excellent state preservation 
after twenty years service, hardly the total number being 
rejected worn out and useless. The most serious objection them 
was that the rail cut into the soft wood. This, however, can en- 
tirely avoided the use good, substantial tie plate, and the 
writer feels hesitancy saying that fully 80% the original 
number are still service. 

Various kinds ties were use along this line during the years 
intervening between 1890 and 1899, such white oak, post oak, cedar, 
Bois creosoted pole pine and Burnettized sawed pine ties. 
These latter ties were small, being only ins. ins. ft., and the 
great difficulty, stated Mr. Mahl his report, was that they 
shattered badly under the heavy traffic which the road was sub- 
jected. 

material record the life ties was kept before the latter 
part 1897, and the case the Burnettized ties the personal 
observation the writer was such lead him believe that fully 
half the ties reported rotten the section foremen were shattered 
instead. has examined the wood the ties that had splintered, 
and the original timber was found excellent state preser- 
vation number cases, although was broken and worthless. 
The writer does not believe that the solution the problem will 
found the weakening the zinc chloride, but the adoption 
better class material than that heretofore used. The same objec- 
tion applies these ties was stated the case the pole pine, 
viz., that the rail cuts into the soft wood very badly, sometimes much 
Six years about the best life that could obtained 
this road, those placed 1891 being practically all gone 1898; but, 
before stated, the reports the section foremen this subject are 
entirely unreliable, and can measure depended upon the 
causes for removal. 

While the first cost the creosoted pole pine tie much greater 
than the Burnettized tie, few years’ service will readily demonstrate 
that far the more economical. 


the writer visited the impregnating plant the Swiss Nord Ost Bahn 
and jotted down the following notes which may interest. 

Zinc chloride used. The plant consists two cylinders, each 
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1.9 diameter and long; mixing tanks, each holding about Mr. Wagner. 
1., 15-H.-P. steam plant and various buildings. This plant 
said have cost 120 000 francs. The cross-ties are run rail 
wagons, shaped conform the cylinders, each holding about forty 
cross-ties. 

One hundred liters zine chloride, containing about 25% 
metallic are put each the mixing tanks and the tanks then 
filled flush with water. The cost impregnating one cross-tie 
stated from 0.45 0.48 

The plant never idle the company overrun with orders from 
outsiders. The charge francs per cubic meter wood impreg- 
nated, while the cost, including interest capital, sinking fund, etc., 
only 4.80 5.20 franes per cubic meter. 

The quantity zinc chloride used per cross-tie follows: 

Oak, kls.; larch, kls.; beech, pine, kls. 

The life ties follows: 


Mr. (by letter).—There are several items which Mr. Noyes. 
the author has dwelt upon, which are vital importance the pro- 
cess. The writer, having had ten years’ experience the operation 
the Atchison, Topeka and Santa Railway Company’s timber-treat- 
ing plant, may able explain more fully why results some cases 
have not been what might have been expected. 

While the intention this company use nothing but fall 
and winter-cut ties, fact that many thousand summer-cut ties, 
which the fungi had already attacked and partly destroyed the 
fibers, have been treated, well those which were practically 

worthless the time treatment. the habit the native tie 


choppers into the timber the fall and winter, and fell 
sufficient number trees fill their sub-contracts, making the ties 
later on. Many these trees are allowed lie from one two 


years with the bark on. Then they are made into ties, brought 
and received first class and treated, when they were really worth- 


less, the fungoid life had already destroyed the fibers the wood. 
these two classes ties can attributed large percentage 

the tie failures, the past, and those which will occur for some time 
come, was only last season that the writer succeeded stop- 


ping this practice. 
The proper seasoning timber, both before and after treatment, 
the utmost importance. this can attributed, great 
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measure, the success the 1885 ties. account the solubility 
the zinc salt, necessary that all the water injected with the 
chloride evaporated before the tie inserted the track, 
otherwise the moisture the soil once begins its work leach- 
ing out the salt, and the artificial leathery pellicles formed 
the glue and tannin are benefit, they have not had 
time dry and harden offer any resistance outside 
moisture. 

The quality the zine chloride has much with the success 
the operation. The company’s first purchases fused chloride, 
from 1890 1895, were supposed contain from im- 
purities, mostly moisture, but these were, fact, much greater. 
1894 some chloride was found contain high 2.5% 
iron, and its effect already being realized, great many ties 
treated this year are entirely gone now. From 1885 1890 there 
less than eight different persons charge plant. They 
were not familiar with the process, and the time they were the 
works had closed, and they had sought other employment. This, the 
writer thinks, was detrimental the process. must also re- 
membered that the first treatment was with 0.015% solution, in- 
jecting only about 0.25 lb. zine chloride per cubic foot, while the 
more modern practice use nearly 0.03% solution, injecting 
about 0.501b. chloride per cubic foot, which should make the ties 
remain antiseptic for greater length time. The following the 
record some 1885 ties treated these works, and laid the main 
line just north the Kaw River Bridge North Topeka, Kan.: 
305 ties put track, 152 were and 153 curve. 
October, 1895, all those the curve were taken out, not 
much account rot wearing under the rail and respiking, 
which had made their general condition such that the spikes would 
not hold. those the tangent, all were this date, but 
were come out, leaving 130 the track. October 31st, 1896, 
there were still the tangent, apparently good for several 
years. The average life ties this point years. 

the Southern Pacific ties: the fall 1896 the writer spent 
some time examining ties their track, and, while the zinc 
chloride and steaming may the direct cause their failure, is, 
his opinion, due the use superheated steam (as understands 
that they used superheater during the first few years the works 
were operated), and toa particular species timber used, there 
are several species timber that will check along the annual rings 
radially exposed the sun dried too rapidly artificial 
heat. the company’s works, the only kind timber treated red 
spruce, which corresponds the Oregon fir, and which treats better 
when green than dry. This phenomenon doubt due the 
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resinous nature the wood, the resin, becoming dry, forming Mr. Noyes. 
impenetrable barrier which the solution cannot pass. 
the summer 1896 the company treated (with chloride 
only), for the Burlington and Missouri River Railway, Nebraska, 
two sections ties from the Big Horn Mountains Wyoming. The 
original sections were ft. long, half being retained there and sent, 
the laboratory Aurora, The result the tests the treated 
and untreated timber are shown Table No. 13. 


TABLE No. 13. 
ZINC 
Crushed PER 
Foor. 
Sample No. Deflection. Spike hold. 
Center. Edge. 
| 
Inches. Inches Pounds 
766 0.45 017 0.00 12.00 
New Mexico.. 
Pine tie...... 


Tests the transverse strength were made samples 
ins. section, supports ins. apart. The crushing test was 
made with samples 6x6 ins., noting the depth which the 
flange 66-lb. rail penetrated the sample under load 
The figures under hold” show the pull neces- 
sary start spike which had been driven fixed depth. Fine 
borings from the Wyoming ties were washed running water for 
hours, then washed distilled water and analyzed for 
chloride. Though they contained 20.8 oz. zine chloride per cubic 
foot before washing they were found contain none after this 
treatment. 

the summer 1896, order determine whether the Bur- 
nettized Wellhouse ties retained the more zinc chloride, five ties, 
which had been treated the two processes, and which had been 
the ground for years, were taken up, and 6-in. blocks cut from 

each end and from the middle each tie, making thirty blocks all. 
Analyses ash, made Robert Hunt Co., Chicago, showed 
the average ten end blocks the Burnettized ties contain 0.522% 
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The average ten end blocks the Wellhouse 


The average five middle blocks the Burnet- 

The average five middle blocks the Well- 


The average the entire fifteen Burnettized blocks. 0.513 
The average the entire fifteen Wellhouse blocks. 0.624 


The general conditions drainage, soil, traffic, etc., were the 
same both cases. 

While this test showed more chloride retained the ties 
treated the Wellhouse process, yet there one point which has 
never been touched upon, e., the organic decomposition the glue 
when not fixed the tannic acid. very important point, 
and should argument favor the three solutions 
now used the Chicago Tie Preserving Company. 

The fact that takes great deal longer for the Wellhouse ties 
dry after treatment, proves that the treatment does, certain 
extent, prevent the passage moisture into the wood. 

discusses question which becoming yearly more and more im- 
portant the railroad companies the United States. The annual 
increase the amount ties used for renewals and the steady 
diminution the timber supply are gradually attracting the attention 
railroad owners and managers the tie question. 

There seems little doubt that, from now on, more and more 
attention will have given preservation methods, but this 
only step toward the solution the problem, which must undoubt- 
edly come the use some substitute for the wooden tie, and which, 
would seem, must eventually compel the use metallic tie. 

investigation which the writer has just completed shows that 
the average life the untreated white oak tie northern Iowa 11} 
years, years, Kentucky and Tennessee and the high 
ground Mississippi years. These figures apply winter-cut 
white oak ties grown the high lands Kentucky, Tennessee and 
Mississippi. 

Black and red cypress ties, used the low lands Mississippi 
and Louisiana, have average life years, and this life can 
increased several years the use tie plates, these ties wear out 
before they decay. 

These figures are taken from the actual records ties used during 
the years ending 1898, and the writer considers them reliable for the 
general territory which the several districts mentioned form part. 

One difficulty met railroad managers, considering tie-preser- 
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vation methods, the want accurate and reliable information Mr. Wallace 
the actual increase life due the various processes treatment 
applied the different kinds material. Generally, the close- 
grained woods, similar white oak, are not susceptible economical 
treatment. Generally speaking, the woods which absorb sufficient 
amount the preserving material are coarse grain, and usually 
found necessary use tie plates with them, additional expense 
cents per tie, order get the full benefit the preserv- 
ing process and prevent the tie from wearing out before decays. 
When new processes are brought before railroad managers, actual 
facts are necessary for the passing proper judgment what the 
best and most economical thing do, under the circumstances. 
very difficult prevail railroad managers enter into any line 
expenditure which more less experimental. Many railroad man- 
agers have given more less general attention the question 
treated ties, but have, far, not felt justified taking practical 
steps toward the general use any the existing processes, 
account the expense and uncertainty results, although there 


little question but that the necessities the near future will force 
action this direction. 


Assoc. Am. Soc. (by letter).— Mr. Tratman 
One the most important points this paper the very forcible 
way which shows that reliable records exist are kept 
the United States the life railway ties, from which averages 
life and cost different kinds timber can computed. 
Without such records, the and estimates comparative 
durability and economy different ties and different preservative 
processes, are really little more than guess-work (except for individual 
roads), there real foundation upon which base any com- 
parisons. The few railways which keep useful records have generally 
such diverse forms and methods, that difficult make comparisons 
between them. 

The ties are very important consideration, their aggregate cost, 
the labor renewal, the disadvantages frequent renewals (from 
traffic and economic points view), and the consumption forest 
timber which these ties represent. view all this, most 
desirable, even this late day, endeavor have some uniform 
system adopted which records may kept which shall 
complete, comparable, and free from the influence the personal 
equation which makes present statistics unreliable basis for any 
general conclusions. is, course, difficult get system this 
kind introduced and properly followed out, but the only way 
make beginning some kind, and then gradually develop lines 
carefully thought out. 


seems the writer, that the keeping these records upon some 
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Mr. Tratman. uniform and carefully formulated system, duty that might 
properly imposed upon the division roadmasters, officers similar 
position. The section foremen should required keep very 
careful record the number and cause tie renewals (decay rail- 
cutting). The roadmasters should then, from this information and 
their own knowledge and observation, prepare the broader records. 
Some means supervision should also devised, ensure that the 
inspection and renewal ties and the keeping the records are done 
carefully and not mere hap-hazard perfunctory manner. 

The following list shows some the items which should 
included, and Table No. sample the suggested form record. 
With such complete and uniform records from number railways 
for term years, and with the records the operations preserva- 
tive processes and their cost, some broader and more reliable informa- 
tion could compiled than possible with existing statistics. This 
information would undoubtedly lead greater care the use ties. 

Miles single main track the division. 
Approximate tonnage carried over the division during the year. 
Kinds timber used and the percentage each. 
Number ties per mile (according the standard spacing 
standard number per rail length). 
Preservative treatment the ties. 
Number ties each kind renewed. 
Cost ties each kind renewed. 
Date when ties removed were laid. 
Place where ties each kind were obtained. 
Tie-renewals per mile track. 
Kind ballast which ties were laid. 
Weight rail. 
Are tie-plates 


General condition track; including condition rails, and 
road bed, surface, line, ete. 


Oak, Pine, 25%. 25% 
3 125. 
| 50 cts. 
Georgia. Pennsylvania. 
250. 300. 


and Ibs. and Ibs. 
joints. all ties. 
Good. Rails worn, and surface poor. 


Stone. Screened gravel. Common gravel. 


miles. 
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and exhaustive paper one struck the extremely short life the ties. 
This, however, partly explained when states that ‘‘they perish 
the mechanical destruction the fibers under the rail,” and also 
the cutting out the fibers the process respiking. Further 
shown that ties can protected plugging the spike 
holes, and the writer would suggest that before insertion the plugs 
dipped, either liquid creosote, solution chloride zinc, 
sulphate copper. 

The whole question preserving timber chloride seems 
hopelessly mixed. For instance, Mr. Curtis, remarking pro- 
gress since 1885, writes: Three plants treating timber with zinc 
chloride were operation the United States, each working with 
different and further alludes method adopted 
prevent the impairment the preservative treatment the washing 
out the zine salt, which quite soluble water.” 

The paper does not state how one process differed from the 
others, but the writer thinks that Mr. Curtis his state- 
ment concerning the washing out zine salt. The fact is— 
and important fact, and one not forgotten—that 
chloride zine acts vegetable fiber the same iron acts 
cotton linen, forming what known iron-mould. The cotton 
can take only certain quantity iron, but this becomes 
incorporated with it, and amount washing boiling can take 
out; there chemical combination between the iron and the 
linen. excess iron would rot and destroy the linen, and the 
excess which could not combined with the linen could washed 
away. 

The fiber the wood enter into combination with the zine 
certain amount, but more than that would worse than useless, 
fact, would actually defeat its own object and hinder rather than 
assist the longevity the timber. 

Again, chloride attracts water from the atmosphere, there- 
fore excess chloride would keep the ties perpetually wet; fact 
they would never become perfectly dry; consequently decomposition 
the fiber under the rail would hastened. Itis admitted page 
237, that the Southern Pacific Railroad, the quantity chloride 
used was too great. 

some parts Mr. Curtis’ paper, the process described 
being performed under pressure, others the solu- 
tion was raised great heat, 250° 300°. The writer’s opinion 
that the life the wood the sap; destroy the sap and the 
life destroyed. The best way preserve timber for railway use 
let well seasoned before being placed under pressure. The 
actual drying, under favorable circumstances, does not take very long 


Mr. (by letter).—On reading Mr. Curtis’ able Mr. Churton. 
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after lbs. solution zine chloride 1.025 specific gravity has 
been forced into it; when dry harder, denser and more 
durable. The use the word gives one the impression 
that some places ties have been preserved being macerated 
hot solution zine chloride; and that great heat has been 
used. The timber has, fact, been boiled preservative solu- 
tion. The object applying heat—which not absolutely neces- 
sary when timber treated under pressure—is expand the pores 
and hasten the absorption the preservative, and the appli- 
cation should continued only long necessary absorb 
the quantity solution required. destroy the sap excessive 
heat, fact, boiling out, is, the writer’s opinion, positive 
mistake. 

cannot too strongly insisted upon that many theorists, 
faddists and experimentalists have, from time time, invented pro- 
cesses for the preservation timber, which have only had the effect 
destroying its vitality. 

About twenty-five years ago process unknown the writer was 
much advocated, but after little time the wood, some specimens 
which were shown ten years,ago, broke like carrots. Timber, like 
wine, requires careful and skilful handling, and those whose duty 
treat with chemicals should understand thoroughly the nature 
the chemicals used. 

The late Sir William Burnett, the inventor Burnettizing, was 
medical director the navy, and was cognizant the therapeutical 
effects chloride zine vegetable fiber. His directions were 
that one part liquid chloride zine having specific gravity 
1.600 should mixed with parts water, and experience has 
proved that this the best strength for treating timber, and most 
conducive its longevity. 


Mr. Van VRYBERGHE (by letter).—On the Dutch State 
Railroad wooden ties have been used exclusively since 1889, 
ties did not give satisfaction. Baltic pine has been used tangents 
and curves greater radius than 000 ms., and Dutch oak beech 
for curves less radius and for switches. Dutch oak preferred 
Baltic oak because having grown more slowly 
consequently tougher, though less showy. 
the present time difference has been ob- 
served between inland and foreign beech. The 
ties are from 2.60 2.70 ms. length. Their 
cross-section shown Fig. 1.+ Fie 

The rails are the type, weighing from 33.7 kgr. per 
meter, and are not fixed directly the tie, but upon steel plates 


Ingenieur der Staatsspoorwegen, Utrecht, Holland. 
The dimensions Figs. and are millimeters. 
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Fig. 2), and these, the same time, give the desired Mr.deConingh. 
inclination the track. The length these 200 mm. The 
rail and tie-plate are fixed spikes. 

Formerly the ties were planed 
only the places occupied 
the plates, making incisions with 
saw and planing between, but 
these incisions caused the infiltration rain water, and present the 
whole upper surface the tie planed. 

preservative process applied oak ties. ties are pre- 
served the modified Riitgers process, and beech ties with tar-oil 
(creosote). the future, when the installations have been modified, 
the Rutgers process will also applied the oak ties. 

All timber cut the winter, and great care taken have the 
ties thoroughly air-dried before they are treated, because, that con- 
dition, the wood absorbs the preserving liquids more readily. 

navigation closed the ice during winter and spring, the 
Baltic pine shipped the Netherlands between June and December, 
and is, therefore, generally piled the Netherlands during one 
winter. Only exceptional cases, and when there great need for 
it, lumber shipped early summer put through the process the 
fall. 

Beech shipped the spring used the summer. easily 
impregnated and then very durable, but not impregnated 
decays very soon. Therefore, great care must taken with before 

The modification the ordinary Riitgers process concerns only the 
composition the impregnating liquid, which Beaumé (4% 
the mixture (the dose for one pine tie) added kgrs. tar-oil, 
instead kgrs. 

the present time experience has not shown that augment- 
ing the quantity chloride the fibers the wood are attacked, 
that the wood becomes brittle. Great care taken, however, 
keep the zine chloride absolutely free acid. 

The quality the creosote fixed prescription and regularly 
steaming, air-vacuum and impregnating under pressure, the time for 
each part the process depending the degree moisture the 
wood. 

Until the impregnated ties are used the track, great care 
taken keep them piled close together; just contrary the 
method which they are piled before impregnating, which very 
loose. 


There are statistics yet the life impregnated ties. 


| 
: ae. 
P 
a 
‘ 
4 
) 


478 DISCUSSION PRESERVATION RAILROAD TIES. [Papers. 


Mr.deConingh. The cost, during the last years was follows: 


1898 the cost per tie was follows: 


these prices are included, respectively, 0.30 and 0.58 guilder 
(12 and cents) for the liquids (the prices these varying yearly), 
and 0.07 guilder (2} cents) for labor. The remainder makes the 
expenses for engineers, coal, repairs machinery, and supervision. 
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AMERICAN SOCIETY CIVIL ENGINEERS. 
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PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE THEORY CONCRETE. 


Discussion.* 


Von 


Am. Soc. E.—This subject has impressed the Mr. Fowler. 
speaker being very important one, for the reason that figuring 
work has, rule, found that engineers and contractors know 
only approximately the quantities cement, sand and broken stone 
order for given number yards concrete certain specified 
proportions. The most convenient way determining these quanti- 
ties prepare tables from which the amounts required for yard 
concrete any proportion may taken, using only such propor- 
tions have the voids the stone entirely more than filled. 

Many writers this subject have assumed that every concrete, 
matter what the proportions may be, has simply yard broken 
stone, without regard the fact that there more less mortar 
different proportions. making table this sort the speaker 
used the proportions mortar given Baker’s Masonry Construc- 
tion,” but found that this did not agree with actual practice. These 
tables Masonry Construction” were made from theoretical 


*This discussion (of the paper George Rafter, Am. Soc. E., printed 
Proceedings for April, 1899) printed Proceedings order that the views expressed 


may brought before all members the Society for further discussion. (See rules 
for publication, Proceedings, Vol. xxv., 71.) 


ommunications this subject received prior September 1899, will printed 
later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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considerations, and understood that they are revised 
new edition. 


TABLE No. CEMENT CONCRETE. 


Propor- Barrels Yards Stone, Stone, 
tions. cement. sand. 0.4 voids. 0.5 voids. 
1-2-34 1.68 0.49 0.91 1.10 
1,22 0.54 0.89 1.06 
1-4-6 1.00 9.55 0.91 
0.96 0.53 0.94 1.18 
0.92 0.51 0.97 
0.88 0.49 1.00 1.21 
1-4-8 0.83 0.47 1.25 


About cu. ft. loose yd. rammed. 
Labor yds. per man per day. 


Table No. was made some years ago comparison with 
actual cases, and has been found give very satisfactory results 
practice. The column for broken stone with 0.4 voids will represent 
closely ordinary broken limestone which chips more than harder 
stone and consequently has less voids; while the column with 0.5 voids 
represents trap rock, the break which more angular. will 
readily seen from the table for Portland cement concrete that certain 
proportions will not have the voids filled and should not used. 
For example, with mortar and with stone having 0.4 voids all 
the concrete given will have the voids filled, more than filled, while 
with 0.5 voids only the 1-3-4 (No. 7), will have the voids filled. The 
table made the basis shrinkage under ramming about 
cu. ft., and 3.8 cu. ft. cement barrel. 

paper presented the Society, one the members 
stated that concrete was not fit material for piers railway bridges, 
unless pedestal block stone was used which rest the masonry 
plates. The speaker would refer that member the engineers half 
dozen large western roads who use concrete for piers and allow the 
bed plates rest directly upon the concrete. Concrete certainly 
better than most stone, except granite, and probably 50% better than 
much the stone commonly used. 


Am. Soc. E.—The speaker has had some ex- 
perience the last few years mixing concrete for street work, 
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hand and machinery. For such work, the layer concrete com- Mr. 
paratively thin, only ins. thick, rule, and the mixer, machine 
used, must moved forward keep out the way the finished 
work. Brooklyn, for the last two three years, almost all the 
concrete for street pavements has been mixed machinery such 
was described Mr. Gould. The method procedure, however, 
little different. The sand and cement are first thoroughly mixed 
dry, the proper proportions, one side the machine. Thestone 
all delivered the opposite side and dumped plank plat- 
form. Before the stone used, thoroughly wet. gas pipe, 
perforated throughout its length and running lengthwise inside the 
cylinder the machine, admits the water. Then, when the cement 
and sand are mixed produce good mortar, inspection 
the material comes from the machine indicates whether not 
the stone the proper proportion give good concrete. Good 
concrete cannot obtained without good mortar. The specifications 
call for a1, mixture, and, generally, there are two men shoveling 
the material the cement side and four men the stone side, 
and the shoveling continuous, both sides, until the machine has 
moved. The mixer has gate the lower end, attended 
man who dumps the concrete into the wheel-barrows. that way, 
with proper care, the result good the work was done 
hand, not better. both cases the quality depends entirely upon 
the work being done properly and systematically. Good concrete can 
obtained when mixed either hand machinery. When 
mixed hand, the difficulty is, has been said, have the mixing 
done thoroughly. hard work, and warm weather the laborers 
will get through with batch soon possible. 

making machine-mixed concrete the difficulty supply the 
ingredients the proper proportions, that there shall not 
excess any single material. The stone and cement should put 
regular intervals. Their supply will graded very nicely after 
the men have worked little while, especially the foreman 
understands the work. There great danger, however, using 
machine, both the foreman and the men are inexperienced. 

The relative costs the two methods, nearly the speaker has 
been able estimate roughly, counting the number men 
gangs working each, are about cents for the machine-mixed and 
cents for the hand-mixed concrete per square yard, ins. deep. 
This will doubtless vary 10%, either way, according the contractor 
the foreman. 

The speaker has found the amount water that should used 
dependent upon conditions. dry concrete will give good results 
cool weather, and the same mixture, warm weather, will 
practically value. When the weather very hot, and when con- 
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crete has exposed the air, when used foundation for 
asphalt pavement, unless mixed quite wet the water dries out 
rapidly, for the first inch least, that there chance for the 
chemical action set in. The result is, that the concrete dry, and, 
many cases, readily disintegrated near the surface, when under 
other conditions, good results would have been obtained. The 
speaker believes that safer make concrete little wet rather 
than little dry, and had the idea that hand-made concrete 
better, the abstract, than machine-made concrete, but judging 
from some hand-made work seen recently, believes fair say 
that the machine-made concrete just good the hand-made, and 
that its quality, both cases, depends greatly the care taken 
mixing. 

concrete has been mentioned. certain parts the country large 
quantities limestone are crushed for use blast furnaces, and 
some establishments the limestone also crushed for concrete. They 
and used mills, some fine grades and used for walks when 
can disposed for that purpose, some crushed pass 
through 2-in. ring, the case may be, for regular concrete, and 
there also product, called dust-screenings, which resembles 
mixture half flour and half Indian meal, with some pieces large 

The speaker was desirous see the effect treating that dust 
connection with concrete just one wouldtreat sand. He, therefore, 
made mixture proportions part cement, parts dust and 
parts broken stone about the size which would pass through 2-in. 
ring. block about ins. each dimension was made, kept 
period two three weeks and tested. was loaded the limit 
tons the square foot, which was more than was required bear 
the place where was used, and showed sign fracture 
disintegration. seemed entirely satisfactory. American 
cement ordinary grade was used, and appreciate the condition 
fully would necessary see the so-called dust. was material 
that could not well shoveled there was any wind. 

experiment regarding the voids crushed limestone, 
ordinary metal receptacle was first filled with the large broken stone, 
2-in. ballast, and then with water, and was found that the quantity 
water required was substantially the same that required fill 
overflowing the same vessel after had been completely filled with 
this so-called dust; showing that the limestone, whatever its condition 
—probably would hold true for any grade between those two— 


would require substantially the same amount water completely 
saturate and fill the voids. 
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Am. Soc. E.—In regard the com- Mr. Gould. 
parative merits and quality hand-made and machine-made concrete, 
the speaker thinks the impression somewhat general that the hand- 
made concrete the better, but does not know how that has been 
ascertained, whether actual examination thinking that 
ought the best because hand-made. Hand-made work 
all kinds often looked upon being superior. The speaker has 
been led take different view, and his own experience, far 
has been able judge, without applying any critical test, such 
testing the tensile crushing strength large blocks, but just from 
the appearance the concrete, has been led think that the 
machine-made product was the better, and natural that should 
be, because the mixing the ingredients concrete, being one the 
hardest kinds work that man can do, often slighted. The 
material must turned over thoroughly; the shovels must down 
the bottom the heap until they scrape against the boards the 
platform, and the mixture must picked from the bottom and 
turned over again and again. the other hand, when the product 
put machine and stirred around mechanically there must 
more complete and regular mixing than could otherwise obtained. 
doubt there are several ways making machine-made 
The only machine the speaker has used one with metallic shaft 
running through the box, with fins fans working the material; the 
box being slant and the material fed one end and out the 
other. The comparisons hand-made and machine-made concrete 
were made work which the speaker was executing, and when, 
order gain time, supplemented the machine gangs men 
making the concrete hand the ordinary way, and using the same 
proportions the machine; the relative merits the two products 
were judged that way. The method making the machine-made 
concrete was follows: The sand and cement were measured out 
the platform surrounding the machine and mixed dry, only one batch 
being mixed atime. The proportions were cement, sand 
broken stone. The stone was crushed first 
was screened, but was afterward used just came from the 
crusher, and was believed that the results were better, least 
good. barrel cement was mixed dry with barrels sand, 
and each barrel stone was thoroughly wet. The stone was emptied 
out the platform, and then the stone and mortar were shoveled into 
the mixer. After short time the men got accustomed the rate 
which the stone and mortar should in, that the time all the 
stone was gone, all the mortar was also used and the bed was 
cleaned off. The water was fed and was regulated valve man- 
aged man who stood the lower end the machine. that 
could see the concrete fed out into the iron wagons, which 
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Mr. Gould. was conveyed the work. After little while the man who was 
managing the water valve knew the proper the 
concrete was too wet too dry, word was sent him and 
regulated the water accordingly. The speaker feels quite sure that 
hand-made concrete, using the same proportions, could equal that 
machine-made product, because the thorough way which was 
churned up. 

Another point, with which the speaker agrees fully, that although 
laboratory experiment the dry mortar concrete stronger, yet 
practice very apt weaker, and although too much water 
bad, too little great deal worse. That has always been 
axiom with the speaker, and has found was difficult get the 
necessary amount tamping done bring the moist surface 
the dry concrete, without which worthless and ought 
removed. the concrete dry that tamping fails bring the 
moisture the surface—indeed ought almost water surface 
rather than mere dampness—the concrete worthless and should 
taken out. putting little more water, however, this avoided, 
the work certainly done more quickly and, the whole, better 
result obtained. The speaker was brought the dry school, 
and got his first education concrete making from General Gillmore 
work which was executing for him the rebuilding Forts 
Sumter and Moultrie, Charleston Harbor. All the work there was 
done according General Gillmore’s directions, under rules which 
had given. certain that very fine concrete was produced, 
but was with great labor, and was done day’s work. anything 
was all wrong the concrete was simply taken out and the work 
started over again, nothing which was all imperfect being allowed 
The speaker, however, gradually came around freer 
use water, and thinks that gives, upon the whole, better result. 
One reason that making successive beds concrete, they are 
being brought 6-in. layers, which apt the case, the 
last bed tamped makes better bond with the next bed put 
little more moist. The speaker quite convinced that section 
through large mass concrete which has been constructed very 
dry 6-in. layers would very apt show partings between the suc- 
cessive beds. That may may not be, but the speaker would rather 
expect find it, and, more than that, would afraid that the dry 
bed had immediately taken set and that the placing the other bed 
upon and the tamping—the influence tamping, course, felt 
through the entire bed—would have rather disastrous effect upon 
the partially set concrete the bed below; whereas, more moist 
the set does not take place rapidly, and there not the same danger 
pounding bed concrete which has just commenced take 
set. other words, every possible precaution taken and the 
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little stronger and better product may obtained with very dry 
mixture; yet, taking contract work done all over the country, 
there better chance get good result everything kept 
little moist. 

After concrete has been placed, very important detail keep 
constantly wet until covered over with whatever material 
come it. Concrete largely used for foundations upon which 
stone work built, but the speaker’s practice all exposed concrete 
kept wet for indefinite period. has had concrete watered 
every day and kept constantly wet for probably two three weeks 
after had set. using hydraulic cement, which the only kind 
ever used now, the great point let always have plenty water, 
and, after the concrete all finished, matter how much water has 
been used making and placing it, should kept constantly wet, 
not dashing water it, but sprinkling. The longer this can 
done, the better. 

The experiment mentioned Mr. Conrow was conclusive 
that particular hand-made and machine-made concrete, but the speaker 
does not think that the two can spoken generally that. 
Good hand-made concrete would better than bad machine-made 
concrete and vice versa. The only way settle the matter satis- 
factorily would test the very best each kind. 

The greater adhesion the washed bricks was probably due the 
saturation with water. two bricks are washed and thoroughly 
saturated with water their adhesion very much greater than that 


two dry, unwashed bricks. The speaker would attribute the in- 
creased adhesion the moisture. 


Henry, Assoc. Am. Soc. E.—About month ago the Mr, Henry. 


speaker saw New Orleans the work which being done for the 
Drainage Commission, which Major Harrod Chief Engineer. The 
machine used mixing the concrete the ordinary asphalt mixer. 
consists chamber which two shafts provided with teeth revolve 
opposite directions and draw the mixture toward the center. The 
sand, cement and shells are placed receptacles above, which hold the 
required amount. The dry materials are dumped directly into the mixer, 
and are mixed dry until all are practically one color. The water 
then turned on. The speaker thinks that the quantity water 
judged the eye and not measured, but could arranged admit 
water volume. The result absolutely perfect mixture, such 
thing possible; because great number analyses asphalt mix- 
tures with that type machine have shown identical grading the 
sand throughout all parts the mixture, and also the same amountof 
bitumen the mixture. New Orleans are certainly very 
satisfactory. Whether this style mixer would suitable for 


work done under able and constant inspection, probable that Mr. Gould. 
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Mr. Henry. trap rock, for instance, which very heavy, even for limestone, 


question upon which the speaker not able express opinion. 
certainly works very satisfactorily with the shells. 

The speaker’s experience with dry and wet concrete has been con- 
fined entirely laying concrete for asphalt pavements, and indicates 
that safer use moderately wet mixture for that purpose. 
When concrete laid during hot weather, very good practice 
sprinkle the surface every night until the concrete thoroughly set, 
for, say, eight ten days. 

Herman Jun. Am. Soc. E.—In ten the tests given 
the author for and ‘‘excess”’ concrete, under the 
same conditions, the speaker finds that the average ratios strength 
are follows: 

Dry, 29.1; plastic, 26.6; excess, 25.3. 

About three years ago the speaker made some experiments upon 
concrete with especial reference its economical mixing and laying. 
The experiments were made under average conditions mixing 
hand, and the figures here given were obtained with gang ten men 
and foreman. When laying wet gang was divided 
follows: One foreman, mixers, rammer. average day’s work was 
yds. concrete place. When laying dry gang 
was divided thus: One foreman, mixers, rammers; and, under the 
same conditions above, average day’s work was cu. yds. place. 
Taking the foreman’s wages per day, and the men $1.50 each, 
the cost laying cu. yd. under the two conditions was follows: 


Cost Laying Wet Concrete per Cubic Cost Laying Concrete per Cubic 
Yard. ard, 


Cement barrel Portland)......... barrel Portland)......... $1.50 


The dry concrete thus cost 24% more than the wet. From the 
averages the previously mentioned ten tests, given the author, 
dry concrete about 15% stronger than wet. Consequently engi- 
neer would not justified using dry concrete except cases where 
unusual strength was desired, arches. 

Only those who have handled concrete under actual conditions can 
realize the greater ease mixing and laying when water freely 
used. Especially this true hot weather. Dry concrete may 
uncertain material, and the inspector relaxes his vigilance for few 
minutes weak spot liable the masonry. Although dry 
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wet concrete, yet not thoroughly rammed may possess almost 
strength, even when the cement first class. concrete cannot 


weak—provided the cement good and reasonably well mixed. 


The speaker also experimented with different methods mixing con- 
After trying various ways the following proved the best. 
Mix the mortar dry; then wet and mix until all the same consis- 
tency and about wet can handled easily with shovels. After 
the stones have been spread evenly depth about ins. and 
washed clean, spread the mortar over them and then begin the turn- 
ing. using wet mortar saves least one turning the mortar 
percolates through the stones and three turnings with wet mortar will 
incorporate more thoroughly than four turnings with dry mortar. 

the comparative merits hand-mixed and machine-mixed 
concrete, the speaker prefers the former, because most machines there 
given opportunity thoroughly washing the stone before 
mixed with mortar. The dust rising continually the machine 
settles the stone prior contact with the mortar, all the 
ment the concrete. Only mixing the open air with plenty 
room can the stone kept perfectly clean until the mortar applied. 
The importance thoroughly mixing the concrete only equalled 
that having the stones clean. 

There material used engineering which variable 
concrete, and the remedy for vast amount poor concrete the 
same majority cases poor brickwork and weak masonry— 
the use plenty water during construction. 

tearing out some concrete, the speaker noticed that when the 
hand-mixed concrete was broken with asledge hammer, would almost 
always break across the stone, thus showing that the concrete was 
about good was possible make it. With the machine-mixed 
concrete, however, often happened that the stone did not break, but 
broke away from the cement and left cavity, showing, evidently, that 
there was weakness that point. well known that the stone 
covered with film dust, the concrete will not strong 
perfectly clean. The speaker does not see how would possible, 
the machine described Mr. Henry, where all the dry materials 
are first mixed together and then wet, get perfect concrete. If, 
for instance, two bricks, they come from the brickyard, are laid with 
mortar between them, and two other bricks, first washed 
perfectly clean, are similarly laid, the difference tensile strength 
between the two would very great. principle applies 
concrete. the ingredients are mixed together dry machine, 
the case exactly the same; dust-covered stone used and the result- 


ing concrete not strong concrete made from thoroughly washed 
stones. 


concrete, great amount ramming, may made stronger than Mr. Conrow. 
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Assoc. Am. Soc. E.—The proposition advanced 
the author that the best method determining the proportions 
concrete is, first, decide upon the ratio sand cement the 
mortar, and, second, determine the ratio mortar stone, 
undoubtedly correct, although the conventional method statement 
the relative volumes the various ingredients extremely con- 
venient and will doubtless continue used. 

The paper treats the subject apparently only from the standpoint 
the crushing strength the concrete produced. very large 
masses and foundations the crushing strength is, perhaps, the most 
important quality concrete; but concrete used for many purposes 
where other properties than crushing strength are very great and, 
fact, controlling importance. Thus, exposed positions, 
concrete which will resist the action frost the first importance. 
other cases water-tight concrete required, and still others 
desirable have concrete which will completely fill forms and yield 
smooth surfaces, and such consistency allow the upper 
surface troweled. these purposes concrete free from 
voids possible desirable; and secure satisfactory results 
necessary use amount mortar somewhat more than sufficient 
completely fill the voids the stone. 

The proportions voids broken stone, gravel and sand are 
often very large. They are frequently underestimated defective 
methods measurement. The most obvious, and, perhaps, the most 
common, method used determine voids place the material 
receptacle known capacity, and pour much water into 
possible, measuring the volume water used. This procedure invari- 
ably gives results which are too low, the amount error depending 
upon several conditions. The sand gravel for examination rarely 
perfectly dry. Two water weight not make material 
appear particularly moist; but water weight are equal 
from volume, and the voids are measured displace- 
ment the results will too low this amount. 

Another and oftentimes more serious source error arises from 
the fact that all the air not displaced the water. With coarse, 
clean gravels the air can displaced almost completely, and the 
error from this source not large. With dirty materials the error 
much greater, and with sands the air cannot even approximately 
displaced this way. 

The most accurate and convenient method determining the 
voids, know the writer, determine, first, the specific gravity 
the solid particles, and, second, the specific gravity the material 
whole, including the voids. The percentage space occupied 
the particles then obtained dividing the specific gravity the 
mass whole, including the voids, the specific gravity the 
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solid particles, and the voids are represented the difference Mr. Hazen. 


between the whole volume and the space occupied the solid parti- 
cles. 

case the material used for this purpose not absolutely free 
from water, the whole part must dried after the experi- 
ment determine the amount water it, and correction applied 
therefor. will not dry moist material before taking its 
specific gravity, the closeness packing will very likely 
different for wet and dry materials. 

usually comparatively easy matter determine the specific 
gravity the solid particles, but for large classes materials the 
specific gravities are uniform that the errors introduced assum- 
ing average value 2.65 are very slight. The specific gravities 
sands and gravels the glacial drift the Eastern States and 
all silicious sands are very close this figure, and much the 
broken stone used for concrete nearly the same density. The 
proportion voids thus direct function the weight per cubic 
foot, after allowance made for moisture. Loosely placed stone 
sand weighing lbs. per cubic foot has 50% voids. When com- 
pacted voids, the weight increased lbs. per cubic 
foot. the speaker’s experience this represents approximately the 
condition ordinary building sand usually measured for con- 
crete, and corresponds closely with the weight sand mentioned 
the author. When further compacted voids the weight 
lbs. per cubic foot. With 35% voids the weight 108 lbs., 
and with 30% voids, 116 pounds per cubic foot. 

The voids clean gravels broken stone without special pack- 
ing are seldom less than 40%, although they are less when sand, 
small fragments stone other fine materials are present con- 
siderable amount the interstices the larger material. When 
ballast for concrete contains such material the amount sand the 
mixture should reduced corresponding amount, but reduc- 
tion should made the quantity cement. is, the fine 
material the ballast should computed sand, and entering 
into the composition the mortar and not part the ballast. 

The proportions mixing used the author, namely, with 
mortar equal and 40% the volume the broken stone, would 
seem likely result the production concrete with large pro- 
portion voids. Thespeaker has never had occasion use broken 
stone which would yield concrete entirely free from voids when 
used with little 40% its volume mortar, and would 
expect with low 33% that the voids would large and con- 
spicuous. That this was the case the author’s experiments 
suggested the fact that the percentage shrinkage ramming, 
given Table No. substantially the same for 33% mortar 
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Mr. Hazen. and for 40% mortar. the 339 mortar had filled the voids 
there would have been excess mortar when 40% was used, and 
the shrinkage ramming would have been less. the shrinkage 
was much with 40% mortar was with 33%, seems almost 
certain that with the smaller quantity the voids were not entirely 
filled; and view general experience, the speaker would inclined 
question whether even the 40% was adequate fill all the voids. 

There are three possible conditions for the amount mortar 
concrete. First, the mortar may insufficient fill the voids 
between the stones; second, may just fill them; or, third, there may 
excess mortar. the first condition, with the voids not 
entirely filled with mortar, the stones will come direct bearing 
upon each other, and there sufficient mortar prevent them 
from slipping upon each other, the crushing strength the concrete 
may great more mortar had been used; and for certain pur- 
poses such concrete entirely satisfactory. Ifthe mortar exactly fills 
the voids the strength certainly will not less, and for many pur- 
poses the concrete will more satisfactory. Owing the impossi- 
bility securing perfect mixing, practically necessary use 
more than enough mortar fill the voids, order make certain 
that the voids will every point; and this the reason 
usually given for the use more mortar than the equivalent the 
voids, but also possible that for some purposes excess 
mortar itself desirable. 

The use sufficient amount cement fill the voids the 
sand probably desirable for some purposes, but often less 
necessary than the filling the voids the gravel with mortar. 
Thus, mortar composed one part Portland cement and three 
parts sand very strong and durable, and sufficient for many pur- 
poses, although can hardly considered that this amount 
cement will entirely fill the voids the sand. The remaining voids, 
however, are small that the mortar nearly impervious water, 
and concrete made from takes substantially smooth finish 
that made from richer mortar. 

should remembered also that not possible make con- 
crete entirely free from voids. This arises from the fact that con- 
crete, handled conveniently and satisfactorily, requires have 
certain portion water it. Some this water combines with the 
cement the process setting. some experiments made the 
speaker the proportion water combining this way amounts 
about the weight the cement, about the weight 
the concrete. This quantity water entirely inadequate give 
the concrete the proper consistency for the placing and 
ramming. some experiments made the speaker the proportion 
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for combination with the cement. mix the concrete much dryer 
than this requires great deal more ramming, which apt 
neglected under other than very severe inspection, and impossible 
get smooth, finished surfaces with concrete that too dry. The 
above-mentioned percentage water amounts 10% volume, 
exclusive the water which goes into combination with the cement. 
After the concrete has set, this water will evaporate the course 
time, has opportunity, and the resulting concrete will have 
corresponding volume voids. With the method manufacture 
commonly used not easy see how these voids can entirely 
avoided, but perfectly practicable have all the voids extremely 
small size and the mortar, and have voids visible the eye and 
resulting from insufficiency mortar the ballast. Practically, 
the best concrete, under ordinary conditions mixing and ramming, 
and with gravel broken stone having specific gravity about 2.65, 
will rarely weigh more than 150 lbs. per cubic foot, which corresponds 
voids. Concrete this compactness, however, with proper 
materials and well set, resists very well the action the weather, and 
the voids are not usually apparent the eye, sufficient allow 
water percolate through them important extent. 

There matter connection with the proportions mixing con- 
which perhaps gives rise even more perplexity than those 
mentioned the author, namely, the measurement the volume 
the cement. The volume barrel cement may taken that 
barrel when full, the actual volume the cement the 
barrel after has been shaken down transportation somewhat 
smaller volume, the cement may turned out and measured 
another receptacle. The speaker considers that the ideal condition 
mix concrete weight, and approach this condition his 
own practice has often made the arbitrary assumption that barrel 
cement weighing 380 net, occupies 3.8 cu. ft., making 
the weight cement per cubic foot. The weight the cement 
determined checked, attention paid its actual volume, but 
for the purpose computation one cubic foot assumed for each 100 
cement. The average weight broken stone also 
approximately 100 lbs. per cubic foot, and this basis the volumes 
also expressthe weights these materials. The sand usually lighter, 
but after the actual weight per cubic foot determined, the approxi- 
mate weight can determined from the volume. 

computing the amounts the various materials required 
make cubic yard concrete the following procedure has been used 
the speaker with satisfactory results. The weight barrel 
cement taken, and added for water combination. 
added the weight sand free from water which will used with 


weight the concrete placed, addition the amount required Mr. Hazen. 
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Mr. Hazen. barrel cement, and the corresponding weight ballast. esti- 


mate made the weight per cubic foot the finished concrete, 
which, for compact work, may taken 150 lbs. per cubic foot, and 
for concrete with more ballast proportion sand, lower figure, 
which can determined experiment estimated approximately 
from the appearance the finished work. The ratio the sum 
the weights these materials the assumed determined weight 
cubic foot finished concrete will give the number cubic feet 
made from barrel cement. The quantities the various materials 
required make yard concrete can then readily com- 
puted. Thus, recent case, concrete was mixed the proportions 
one part cement, computed above, three parts sand weighing 
Ibs. per cubic foot, and five parts broken stone and gravel 
weighing per cubic foot. The concrete when dry weighed 
about 147 lbs. per cubic foot. The proportions mixing differed 
slightly different parts the work, but the above proportions are 
about the average. 


The computed weight concrete made from barrel cement was 
follows: 


Sand, 11.4 (3.8 cu. ft., dry........... 1026 
Gravel, (3.8 cu. ft., 100 dry........... 1900 


Total weight concrete made from barrel 


Volume produced, 336 22.7 cu. ft. 
Cement required for cu. yd., 22.7 1.19 barrels. 


From the records the work 15085 cu. yds. concrete were made 
from 584 barrels cement, 1.23 barrels cement per cubic 
yard, deduction being made for ordinary waste, nor for 
outside contract lines. 

This concrete contains very few voids visible the eye, when 
broken exposed where has been placed against forms. All top 
surfaces were troweled smooth before setting and the proportions 
were such allow this satisfactorily done. The proportion 
sand and gravel necessary secure this result was determined 
experiment, and was the lowest which could satisfactorily used. 
With the volume sand equal half that the ballast, there 
were too many voids exposed when the forms were taken down, and 
there was difficulty making the top surfaces smooth troweling. 
was thus necessary use volume sand equal 60% the 
volume the ballast, but for other purposes wider mixture would 
satisfactory and cheaper. 
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Harrop, Past-President, Am. Soc. (by letter).—This Mr. Harrod. 

paper very practical and useful. The tables give exact information 

concerning the losses bulk the several ingredients, when made 

into concrete, with which those who have used that material have 

been familiar general way. Five units cement give about four 

units mortar. This all absorbed the voids the stone, which 

also loses about 10% its bulk the readjustment its particles 

under the rammer. 


the writer’s note-book there very old memorandum, the 
following effect: 


theory concrete-making take barrel shells, and 
pour much water the interstices will admit. Then put 
quantity mortar equal the bulk wateradmitted. you make 
any deviation from this, will increasing the mortar.” 


The authority for this the late General Joseph Totten, 
Chief Engineers, A., Hon. Am. Soc. 

Adopting this theory, good results can always assured, when- 
ever there any doubt concerning the proportion voids the stone, 
there often is, specifying test, with tight box, containing 
about half cubic yard. When this filled with loose stone, suf- 
ficient water should poured fill the voids. After the stone and 
the sides the box are saturated and the water withdrawn, 
second charge water should poured and carefully measured. 
The mass mortar used should exceed that the water 
per cent. 

The shells alluded General Totten’s formula are largely used 
New Orleans the place broken stone account their fitness 
and cheapness. They cost from $1.25 per cubic yard, which 
about half the cost good broken stone clean gravel. They are 
the shells small clam cuneatus) about the size half 
dollar. They are found banks, washed along the shores 
the brackish bayous and lakes the vicinity New Orleans, and also 
kitchen middens, such quantities that they are dredged free 
from any impurity except little sand. They have been largely used 
for roads for many years, and the end the supply not sight. 
They make solid concrete, the thickness and material the shell 
give ample strength, and its concavity forms good bond. They 
require little more mortar than broken stone, and the mixing must 
very thoroughly done. The weight shell concrete 137.8 
per cubic foot, which less than that concrete made with broken 
stone. This fact, some cases, importance. 


Am. Soc. (by writer readily Mr. Hall. 
admits that the new nomenclature which Mr. Rafter suggests very 
good, but can see reason why the old nomenclature should obscure 
from those who are looking for the true theory concrete mixtures. 
Referring the amount mortar required for mixing with the 
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aggregate, the author well says, being, indeed, very little neces- 
sary except insure the filling the voids the aggregate material 
with mortar.” appears well, also, emphasize the fact that the 
same statement true reference filling the voids the sand with 
cement; also, reference the volume the voids ordinary sands 
and aggregates; and, also, that where the sand, cement and aggregate 
are accurately proportioned, with reference voids, unless they are 
thoroughly mixed, the concrete may be, places, almost worthless. 

lock and dam construction Kentucky, the writer found voids 
sand and aggregate follows: 

The average voids sand was 31% the volume. 

The sand was clean and sharp, and the size grains follows: 

Held No. sieve, per cent. 


Passed and held No. 30, per cent. 


The voids crushed stone and gravel and mixtures the two 
were follows: 


100% crushed stone; voids, 48% volume. 
70% 24 30% 14 41% 66 


The above results are the averages number tests made from 
several different barges material. However, the volume voids 
the various mixtures ran quite uniform. The sand and gravel were 
very clean Ohio River products, taken from the shoal the mouth 
Green River, Ky. The stone was crushed Green River blue limestone, 
and texture and color was much like the Hudson River trap. The 
stone passed screen and also fine one clean dust. The 
gravel passed screen and then fine one remove the sand. 

sea-coast fortification construction Massachusetts during the 
season 1898, the writer found the volume voids sand and 
follows: 

The average voids sand was the volume. 

The voids stone and gravel and mixtures the two were 
follows: 


crushed trap; voids, 50% 
[volume. 

60% and 40% gravel, voids 384% 

50% 66 22 ‘ 50% 14 36% of 
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and gravel were taken from Long Island Sound, near Willets Point. 
The gravel was clean, but the sand contained about loam. 

the foregoing, the writer wishes call attention the saving 
which may effected mixing gravel with stone, aggregate, 
instead using stone alone. has failed find similar records 
the literature the subject; but the voids these two stones, and 
the corresponding mixtures with gravel are nearly uniform, 
thinks that nearly the same results will found with other hard stones 
having lines fracture similar these. 

The comparison which the author makes between the concretes 
made with dry, plastic and very wet mortars are especially interesting. 
They would much more instructive, however, they had included 
series cubes which had seasoned for three four years. 

The conclusions likely drawn from these tests are, that dry 
concrete, when set and hardened, stronger than wet. well 
known that this result may obtained from 1-in. mortar briquettes 
few months old, and the reverse result from those several years old. 
Moreover, tamping the test pieces, may assumed that all kinds 
concrete were equally well tamped; whereas, actual practice, the 
obtaining well-tamped work with dry concrete much more diffi- 
than with plastic wet concrete. actual construction, the 
writer prefers concrete with plastic slightly wet mortar that 
which dry. After setting has commenced, believes advan- 
tageous apply water the outside surface, the interior the 
concrete mass means well-holes. 


Ira Baxer, Am. (by letter).—The author deserves Mr. Baker. 


credit for the thorough investigation given the practical problem pre- 
sented, and the special thanks the profession for the full and careful 
presentation the data, particularly the valuable summaries and 
comparisons. 

The writer much interested the effect the amount 
mortar upon the strength the concrete. the specimens 
tested contained mortar equal 33% the broken stone, and half 
amount equal per cent. Apparently, the broken stone contained 
43.3% voids before tamping and 37.4% after tamping,* and the 
mortar was measured without tamping. Therefore,owing the decrease 
the volume the mortar ramming the concrete, and the effect 
moisture increasing the volume the sand, probable that 
the 40% mortar was not much, any, more than equal the 
voids the broken stone, when both were rammed. Under the same 
assumption, the 33% mortar was equal about 80% the voids 
the broken stone after the concrete had been tamped into place. 


Report the New York State Engineer and Surveyor for the year ending Sep- 
tember 30th, 1894. 


The stone was Hudson River trap with the dust removed. Thesand mr. Hall. 
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Whether not the 40% mortar filled the voids, one would 
naturally expect that addition 25% mortar would give, least 
approximately, 25% additional strength. The results the experi- 
ments appear not support this conclusion. 

Table No. the results are summarized according the 
plasticity the mortar, from which appears that concrete con- 


TABLE No. 


AMOUNT Strength the 


taining mortar only stronger than that containing per 
cent. Apparently, the plasticity the mortar makes material 
difference the result. 

Summarizing the results according the proportions the mortar 
gives Table No. from which appears that the concrete containing 
40% mortar only stronger than that containing per cent. 


TABLE No. 


88% the 


The mean increase strength, from Tables Nos. and differs, 
owing partly omitted decimals and partly because the two tables 
not refer exactly the same experiments. The writer, save labor, 
used the summaries the original paper and they were prepared 
different purpose. 

The most interesting deduction from Table No. that the 
strength the concrete increases with the richness the mortar; and 


38% 40% the 
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therefore better increase the proportion the cement the Mr. Baker. 
mortar than increase the proportion mortar the concrete. 
This doubtless due the greater ease with which the richer mortar 
will flow into the voids during ramming. 

Summarizing the results according the method storage gives 
Table No. from which appears that the method storage 
unimportant. Figured this way, the concrete with 40% mortar 
stronger than that with 33% mortar. 


TABLE No. 


Strength the 
40% concrete 


AMOUNT MORTAR. 


Method storage for first 
four months. 


40% 


open shed....... 
Under wet burlap 


Summarizing the results according the kind cement used, 
Table No. 8is obtained. remarkable that the excess strength 


TABLE No. 


AMOUNT Strength the 


concrete 
the 


Brand Portland cement. 


91% 


91% 


101% 


for the concrete containing 40% mortar, differs much for the dif- 
ferent cements. 

hoped that author will explain why the greater percentage 
mortar adds little the strength the concrete, and also why 
this increase varies greatly for the different cements. The writer 
unable get any light these questions from the published data. 
The experiments are extensive and appear have been conducted 
carefully, that does not seem assume that varia- 
tions therein are chargeable with the above remarkable results. 


A 
83% 40% 


Mr. Conte. 


Mr. Von Schon. 
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cism the present practice making concrete will concurred 
every who has given the matter any study. hu- 
miliating spectacle see first-class material, manipulated irra- 
tional and wasteful manner, developing results which cannot 
shown possess single redeeming feature. 

The tabular results submitted the author are full 


ing matter, and bring out prominently one feature consider- 


able practical importance which not fully appreciated 
engineers. crushing strength ordinary cement mortars 
diminishes very nearly proportion the quantity sand 
whereas the author’s tables show conclusively that, the 
concrete, this general law materially modified. The 
same general law diminution strength follows until the theo- 
retic mortar, reached; but for some reason, the case 
all the lower grades concrete blocks, made with 
mortars, the corresponding diminution crushing strength 
noticeable, but much less degree than would naturally 
expected. 

Taken the writer thinks the lower grade concretes are 
very much neglected engineers. most cases where concrete 
used the unit-strength the concrete not called into play all. 
Dead-weight and the distribution pressures are all that are 
required, and the lower-grade concretes fulfill these conditions com- 
pletely and economically. 

regretted that the author did not state clearly the age 
the concrete tested, the footnote leading one suppose that the 
blocks were about months old. 

the relative merits dry, plastic and excess mortars, the 
writer thinks there much more danger expected from the lack 
water than from excess. 


Mr. Von (by letter).—During the spring and summer 
1898 investigations concrete were carried under the 
direction Sault Ste. Marie, Mich., for the purpose establishing 
the most satisfactory and economic constituents and mixtures con- 
crete used the substructure hydraulic power house. The 
structure question, being partly subaqueous, must needs 
masonry, and the only available native material, Potsdam sandstone, 
was considered insufficient homogeneity, concrete was selected. 
The character the construction called for materials great density 
and strength, and the climatic condition for resistance low tempera- 
ture, while the extent the work, requiring about 000 cu. yds. 
concrete, suggested diligent search for the most economical mixture 
which would secure the desired result. was therefore determine 
the kind cement and aggregate, and the ratio mixtures which, 
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together, would yield the proper material for the purpose hand, that Mr..Von 
these tests were entered upon. 

The general programme outlined for these tests was: 

First.—To operate practically, that is, avoid the introduction 
refinements which could not followed actual construction. 

Second.—To establish the characteristics all materials used, 
namely, the analysis and normals the cements; the weight, voids, 
and fineness the sand; and the weight, voids, sizes and absorption 
materials used aggregates. 

Third.—To make two concrete bars from each the following com- 
binations: Four different kinds cement, four different materials for 
aggregates and four different ratios mixtures. 

Fourth.—To test each bar the breaking point, when days old, 
applying load the center. 

All the manipulations were entrusted two men who had had the 
advantage several years’ training the United States cement testing 
laboratory this point, under Sabin, Assoc. Am. E., 
Assistant Engineer, and Mr. Dann, Assistant Engineer, 
who had direct supervision and kept the records. building 
veniently arranged with material bins, testing and mixing rooms. 
Storage for the manufactured bars was provided for outside the build- 
ing. 


TABLE No. 9.—CHARACTERISTICS CEMENTS. 


Class Class 


Tron oxide........ 14.42 1.71 

2.96 3.18 20.38 

Potash and soda.............. 1.66 

Carbonic acid, etc........ 0.60 0.50 4.36 7.07 


Weight per cubic foot pounds......... 


62.78 

Fineness passing No. 100 sieve, per cent. 91. 99.00 


Four different kinds cement, representing the chief raw 
materials from which American cements are manufactured (calcareous 
rock, calcareous earth, natural cement rock and furnace slag), and 
each them cement high standing among its class, were used 
these tests. The sand was procured from the bed St. Mary’s River, 
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Furnace 
slag. 

43.8 


Gravel. 


Boulder 


stone. 


45.3 


stone. 


Sand- 


41.7 


Foot 


“ 
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Using Sand Stone for Aggregate. 


40 
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Passing 


TABLE No. 10.—CHARACTERISTICS SAND AND AGGREGATES. 


Passing 1}-in. ring, per cent..... 
Retained 1-in. ring, per cent.... 


Weight per cubic foot dry, pounds... 
Weight per cubic foot wet, pounds... 
Voids per cent. volume..... 
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Size— 


Mr. VonSchon. 
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Materials. 


puned | gigi to 


Sand Stone 


mene as 


Lime weighs 63.75 Ibs. per cubic foot. 


Using Boulder Stone for 


Boulder Stone (B. 


Lime..... 


Cement— 
Cement— 
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and known Point aux Pins sand. 
aggregates were the native Potsdam sandstone, granitic boulder 
stone, gravel and furnace slag (see Tables Nos. and 10). 

The ratios used were: For the mixture, such proportions 
would just fill the voids, and for B,” “C” and mixtures 
few bars were made mixture having the ratio 
mixture, but substituting lime for the cement the excess mortar 
quantity. Table No. gives the quantities and ratios materials for 
each the above mixtures, yielding theoretically cu. ft. concrete. 

Knock-down forms were constructed thoroughly seasoned timber 
lined with tin, the inside dimensions being precisely ins. square and 
about ins. long. The mixing was done batches cu. ft. 
concrete from which two forms were filled. The operations were the 
customary ones, namely, spreading dry sand clean platforms, 
adding the cement, mixing the sand and cement dry, adding water, 
mixing the mortar, spreading the wet aggregate second platform, 
adding mortar the aggregate, mixing the concrete, filling the 
concrete the form 6-in. layers and ramming. 

The mixing tools used were spades and hoes. Water was used 
from the city supply its natural temperature, about 50° Fahr.; the 
quantity was determined the condition the mortar which was 
kept just plastic, without any water standing running from it. 
The rammers used for tamping were oak, weighing about 
The weight all materials used, the forms before filling and 
the excess material after filling, was taken accurately and recorded. 
All bars were made during April and May, 1898, and broken age 
days, during June and July, 1898. 

After filling the forms, the end each bar was marked its 
serial number, weighed and left undisturbed for from days, 
when the form was removed and the bar placed storage. the 
age days each bar was weighed and then broken. The breaking 
apparatus consisted two rigid timber frames ins. apart, and 
scale platform suspended from steel beam triangular shape. The 
bar was adjusted the frame, the scale beam with knife-edge the 
center the bar, and the platform was loaded with weights, and 
finally pouring sand, until the bar broke, when all weights were 
taken and recorded. The fractures the broken bars were examined, 
and those exceptional appearance were photographed. 

Some the broken bars were kept for year, during which time 
they were exposed the prevailing weather the summer and winter 
season, the latter being especially severe and long. were then 
re-examined, weighed, placed water natural temperature and 


weighed daily until additional absorption was observable (see 
Table No. 13.) 


The materials used for Mr. VonSchon. 
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Mr. VonSchon. TABLE No. Bars AND BREAKING 


No. bar. 
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Test 


[Papers. 


Character 


break. 


Clean and sharp. 


Rough and crumbl 


“ 
“ 
“ 
“ 
“ 


Clean but green. 


Crumbled. 


“ 
“ 


“ 


Clean and sharp. 


“ 
“ 
“ 
“ 
“ 


18... 
25... 
26... “ 
38... “ 
34... “ 
“ 
a... “ 
19,. 
20.. 
35.. 
36.. 
22. 
29... 
30... 
38... 
41,, 
49... 
58... 
66... 
j 
74., 
51.. 


TABLE No. 12.—(Continued.) 


bars. 


TABLE No. 
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excess variable quantity remained over after the making each pair 


No. bar. Age, days. Weight bar. before 
absorption. 


WEIGHT, PoUNDS AFTER 
Condition BEING SUBMERGED. 


342 78. 
crumbling. 
hard. 


the water St. Mary’s River, about 50° Fahr. 


interested investigations the theory concrete. 


The results, observed from these tests are summarized Table 
No. and Fig. from which deductions can drawn those 


temperature the water which bars were submerged was that 


Mr. Von Schon. 
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CONCRETE. 


Cement. 


ee 


Span feet Load pounds. 
Width inches Depth inc 


Constant “Cc” 


o 


Cost of Material 
per cubic yard 
of Concrete 

SS. $3.32 


BS, 


SS. $3.42 
BS. $3.67 


$3.62 
BS, 


SS. $3.92 


Mixture 


a. 
e 


ERRATUM. 


Proceedings, Vou. XXV, 126 1899). 


Insert after 11th line the following paragraph, which was omitted 
mistake from the account the Annual Convention 

the evening Colonel Charles Raymond, Corps Engrs., 
A., Am. Soe. E., addressed the Society the subject Break- 
water Construction, with special reference the Delaware Breakwater. 


The address, which was informal, was illustrated with lantern-slides, 
and proved great interest large audience. 
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Minutes Meetings: PaGE 
Hours during which the Society House 195 


Membership (Additions and Changes ‘Address) 


MINUTES MEETINGS. 


THE SOCIETY. 


September 6th, meeting was called order 20.40 
o’clock, Mr. Elmer Corthell the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

The minutes the meeting June 7th, 1899, and the Annual 
Convention were approved printed Proceedings for August, 1899. 

paper entitled Pile-Driving Formulas: Their Construction and 
Factors Charles Haswell, Am. Soc. E., was 
presented the author, and was discussed orally Messrs. 
Foster Crowell, Sherman Gould, Marstrand, Horace Howe, 
John Tait and the author. The Secretary also presented written 
discussion the subject Mr. Conte. 

The second paper the evening: The Groined Arch Cover- 
ing for Reservoirs and Sand Filters; Its Strength and Volume,” 
Leonard Metcalf, Assoc. Am. Soc. E., was presented the 
author, and was discussed orally Mr. Allen Hazen and the author. 
Written discussions this paper Messrs. Hutton and 
Conte were presented the Secretary. 
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Ballots were canvassed and the following candidates declared 
elected: 


MEMBERS. 


Epwarp Bonp, Albany, 
TRUMAN Lowell, Mass. 
Joun Trail, C., Canada, 


MEMBERS. 


Burns, Hopkinsville, Ky. 
JOSEPH CUNNINGHAM, Portland, Ore. 
Frep Lavis, Chihuahua, Mexico. 

Herman Preirer, St. Louis, Mo. 


The Secretary announced that the meeting the Board 
Direction, September 5th, 1899, the ballot the election John 
Fritz, Am. Soc. E., Honorary Membership was canvassed, 
and Mr. Fritz declared elected Honorary Member the Society. 

Announcement was made that the following candidates were elected 
the Board Direction, September 5th, 1899. 


JUNIORS. 


JOHN CoRNELIOUS SESSER, Omaha, Neb. 


The Secretary announced the following deaths: 


elected Fellow May 11th, 1871; died 
July 1899. 

Horace elected Member November 2d, 1892; died July 
29th, 1899. 

elected Junior July 4th, 1888; Associate 
Member July 1891; died August 9th, 1899. 

elected Member March 2d, 1898; died June 
1899. 

Horatio elected Honorary Member March 
3d, 1890; died July 2d, 1899. 


( 
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The Secretary called attention the invitation the American 
Institute Mining Engineers members this Society atterd 


the next meeting San Francisco, announced Proceedings for 
August, 1899. 


Adjourned. 


September 1899.—The meeting was called order 20.40 
o’clock, Director Haines the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

sufficient Provision for Counterstresses Railroad Bridges,” was 
presented the author, and was discussed orally Messrs. Henry 
Seaman, Oscar Lowinson and the author. 


written discussion the subject Mr. Henry Jacoby was 
presented the Secretary. 

The second paper the evening Hudson, Assoc. Am. 
Soc. E., entitled Comparison Weights Three-Hinged and 
Two-Hinged Spandrel-Braced Parabolic Arch,” was presented the 
Secretary, who also presented written discussion from Mr. Henry 
Jacoby. 

The paper was discussed orally Messrs. Henry Prichard and 
Buck. 

Adjourned. 
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THE BOARD DIRECTION. 


September 5th, 1899.—Vice-President Edward North the 
chair; Charles Warren Hunt, Secretary, and present, also, Messrs. 
Clarke, Deyo, Hering, Manley, Owen, Ricketts, Schneider, Thomson 
and Whinery. 

The Secretary announced the election John Fritz, Am. 
E., the unanimous vote all members the Board Direction and 
all living Past-Presidents, Member the Society. 

The appointment the President Messrs. Ricketts, Manley and 
the Time and Place for holding the next Annual Convention, was 
announced. 


The following matters referred the Board Direction the 
Annual Convention were considered: 

The advisability communicating with the Superintendent the 
Twelfth Census reference the importance collecting and pub- 
lishing complete statistics municipal works. 

The propriety providing for the expenses the members the 
Nominating Committee attending the meetings that Committee. 

The matter the revision the Article the Constitution relat- 
ing the nomination officers. 

The resolution that the Board requested take and settle 
the matter Standard Time.. 


Applications were considered and other routine business trans- 
acted. 


Two candidates for Junior were elected. 


Adjourned. 


ANNOUNCEMENTS. 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


House the Society open every day, except Sunday, from 
o’clock. 


MEETINGS. 


Wednesday, October 4th, 1899, 20.30 o’clock, regular busi- 
ness meeting will held. Ballots for membership will canvassed, 
and Bent Russell, Am. Soc. E., entitled Impact 
Test Structural Steel,” will presented. 
the August number Proceedings. 


This paper printed 


Wednesday, October 18th, 1899, 20.30 regular meet- 
ing will held, which paper Lewis Haupt, Am. Soc. 
E., entitled The Reaction Breakwater Applied the Improve- 


ment Ocean Bars,” will presented. This paper printed 
this number Proceedings. 


195 
4 
4 
t 
5 
BPM 


196 CURRENT TECHNICAL LITERATURE. 


[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(August 7th September 13th, 1899.) 


This list published for the purpose placing before the members 


the Society the titles current engineering articles, which can referred 
available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


Serial articles are not included. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


each journal this list. 


(1) Journal, Assoc. Eng. 257 South 
Fourth St., Philadelphia, Pa., 
(2) Proceedings, Club Phila., 1122 
Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Inst., Philadel- 
phia, 
(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 
(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 
(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 
(7) Technology Quarterly, Inst. 
Tech., Boston, Mass., 75c. 
(8) Stevens Stevens Institute, 
Hoboken, J., 
(9) Engineering Magazine, New York 
ity, 


(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 35c. 

(12) The Engineer (London), International 
News Co., New York City, 35c. 

(13) Engineering News, New York City, 


(14) The Record, New York 
(15) Railroad Gazette, New York City, 


(16) and Journal, 
New York City, 

(17) Street Railway New York 
City, 35c. 

(18) Railway and Engineering Review, 
Chicago, 

(19) American Supplement, New 
York 

(20) Iron Age, New York City, 10c. 

(21) Engineer, London, Eng- 


(22) Iron and Coal Trades Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Journal, New 
York City, 

(25) New York City, 


(26) Electrical Review, London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 

(28) Industries and Iron, London, Eng- 


ngla 
(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 
(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels, Belgium. 


(32) Memoirs Compt Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 
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LIST ARTICLES. 
Bridge. 


The Northfield, Mass., Bridge; Erection without Falsework. (14) September2; (13) 
September 

Bridge Wells Street, Chicago. (13) August 24. 

ing Lift Bridge, Fort Channel, Boston. (14) August 19; (15) 

eptember 

The Lewiston and Queenston Suspension Bridge. (14) August 26. 

Plate Connections for Cylinder Piers. (13) August 31. 

Failure Wooden Swing Bridge, Chicago. (18) August 26. 

Removing Bridge (Chicago). (40) August 18. 

Tests Frozen Concrete. (14) August 26. 

Great Central Railway, Leicester Rugby. (12) September 

Bridge Renewal Ceylon. (12) September 

The New Thames Bridges. (12) September 

The Trans-Siberian Railroad. (46) August 26. 

Russian Drawbridge. (40) August 25. 

Les Travaux d’Amélioration Pont Huy. Marote. (30) August, 1899. 


Exécution d’un Pont Biais Béton Armé d’aprés Hennebique. Haerens. 
(30) August, 1899. 


Electrical. 


Magnetism and Molecular Rotation. Lord Kelvin. (27) August 26. 

The Field Experimental Research. Elihu Thomson. (27) September 

the Determination Current Strength Three-Pointed Star Resistance Systems. 
Kennelly. (27) August 19. 

Measurement Power Polyphase Systems. Aug. Bowie, Jr. (27) August 19. 

The Protection Low-Tension Wiring Against Dangerous High-Potential Currents. 

Some Methods Measuring High Potentials with Low-Potential Instruments. Prof. 
Samuel Barnett. August 26. 

The Schattner Standard Electricity Meter. (47) July 29. 

the Predetermination the Regulation Alternating Current Transformers. 
Kennelly. (27) September 

Motor Starting Rheostats. Otto Mattick. (27) September 

Determining Ratio Transformation. J.R. Bibbins. (27) Septem- 

The Sag and Tension Line Wire. Cary T.Hutchinson. (13) August 31. 
250 Horse-Power Electric Heating Plant. September 

Portable Photometer Used the Standard Oil Company’s Test. (13) September 

Wireless Telegraphy. James Adams, Jr. (27) August 19. 

Wiring. Mervyn O’Gorman. (27) August 12. 

The Storage Battery Telephone Exchanges. September 

Automatic Telephone Exchange Augusta, Ga. Campbell. (27) August 26. 

Electric Pantograph. Lieut. Jarvis Patten. (27) August 12. 

Electric Engraving Machine. Lieut. Jarvis Patten. (27) August 26. 

Are Machine Regulation. Franklin Watts. (24) 

Direct Alternating Generators. Alton Adams. (27) September 

Plymouth (Eng.) Lighting and Tramways. (26) August 11. 

Electricity Works. (26) August 

West Ham Electricity Works. (26) August 25. 

Gasoline Engine, 60-Xw., 220-Volt, Watertown, D., Central Station. Prof. 
Springer. (27) September 

The Economy Effected the Use the Electric Motor Around Steel Plants, Furnaces 
and Foundries. Andrew Maccoun. (27) September 

Electricity the Mines Cripple Tnomas Tonge. (9) September, 1899. 

Water-Power Electrical Plants the United States. B.C. Washington, Jr. (3) Sep- 
tember, 1899; (24) September 11. 

Electric Haulage. Kirkland. (22) August 25. 


Marine. 
The Mechanical Theory Steamship Propulsion. Robert Mansel. (12) August 18. 
Experiments Thrust-Block Friction. von Kodolitsch. (47) August 


The Manufacture Propeller Shafts. Morison. (11) September 

Large Atlantic Cargo Steamers. Hunter. (11) August 18. 

Untrammeled Shipbuilding and Marine Engineering Development. Joseph Oldham. 
(10) September, 1899. 

The Development German Shipbuilding. Rudolph Haack. (9) September, 1899. 

Ice Breakers. (47) July 29. 

The Equipment Shipbuilding Sheds. (12) August 

The Twin-Screw Steamer Bavarian the Allan Line (12) August 25. 

Commodore Melville Triple-Screw (12) 

The Machinery Keyham. Robert Mayston. (47) 

Elswick atts. (11) August 

The Launch Battleship. (13) August 24. 

Machinery Proserpine and Psyche. Robert Mayston. (11) August 18. 

the Boiler Arrangements Certain Recent Cruisers. F.T. Marshall. (11) August 

11; (47) September 
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The Boiler Trials the Sheldrake. (12) August 11. 
The Austro-Hungarian Cruiser Zenta. (12) August 25. 
Drague Marine Godets 1000 Chevaux pour Port Viadivostock. (33) August 19. 


L’Avenir Construction Navale Belgique. Moulin. (31) Tome xxii, deux- 
iéme livraison. 


Mechanical. 


Influence the Length Span Transverse Tests Cast Iron. Dr. Moldenke. 
(13) (52) August 15. 

The American Foundrymen’s Association Tests Cast Iron Related Electrical 
Machinery. Dr. (27) August 26. 

Uses the Science Metallography. Albert Sauveur. (9) September, 

99. 

Pig-Iron and Their Value Foundry Practice. James Williard Miller. (47) 
August 19. 

The Works and Operations the Barrow-Haematite Steel Company. (22) August 

The Lorain Blast Furnace Plant. (22) July 

the Use Finely-Divided Iron Ore Obtained Concentrating Processes. Professor 


Wiborgh. (12) August 18; (22) August 18; (13) (62) September 
September 
Pig-Iron Casting Apparatus. (12) August 
New Casting Machine for Blast Furnaces. Richard Hanbury Wainford. (11) August 
25; (47) August 26. 
Elements Iron. John Oliver Arnold and Andrew McWilliam. (11) 
ugust 25. 
Standards for Cast Iron. (11) August 25. 
the Rapidity the Bertrand-Thiel Process. Henry Howe. (16) 
September 
Importance Fillets and Round Corners Modern Machinery Castings. (19) August 12. 
Iron Ornament. Chester Albree. (10) September, 1899. 
Elasticity between Chilled and Ordinary Cast Iron. Bach. (48) 
uly ««. 
Some Results Transverse and Tension Tests Steel Plates. (15) September 
Notes Rod Rolling and its Development. Turnbull. (22) August 25. 
Tin Plates—Past and Present. W.C.Cronemeyer. (22) August 


Metal Sheets, mm. diameter and thick. Kannegiefser. 
ugust 
The Water-Tube Boilers. Yarrow. (11) August (47) August 
Nickel Steel versus Mild Steel Boiler Tubes. Yarrow. (20) August 10. 
The Phillips Water-Tube Boiler. (11) August 25. 
Keen’s Water-Tube Boiler. (11) August 18. 
The Lynn Boiler. August 24. 
Mechanical Draft. enry Prather. (1) July, 1899. 
New Method Forced Draft. Nelson Foley. (47) July 29. 
Uniform Rules for the Arrangement and Dimensions Chimneys for Steam Plants. 
Lang. (48) July 29. 
Economy the Use Superheated Steam. R.S. Hale. (9) September, 1899. 
The Andrews Martin Balanced Slide Valves. (11) August 11. 
Steam Engines, with Special Reference Electric Traction. (26) Sep- 
ember 
The Thermal Efficiency the Steam Engine. (12) September 
Connecting Rods for Bullfinch and Dove. (12) September 
Air Compressor Plant, General Post Office, Liverpool. (12) August 18. 
Vertical Oil Engine. (47) August 12. 
Machine Shop. Fred Bathurst. (26) August 18. 
Some Reasons for the Excellence American Machinery. Henry Binsse. (10) Sep- 
tember, 1899. 
Modern Machine Tools. Smidt. August 10. 
New Power Plant for the Lancaster Mills. (14) September 
Elements Design Favorable Regulation Plants Driven Water Power. 
Garratt. (24) August 
Power Means Ropes and Belts. Thurston. (22) Septem- 
The Transmission Energy Partially Rarefied Atmosphere. Sir Frederick Bram- 
well. (12) August 18. 
Pumping Engine Hungarian Colliery. Stefan Steuer. (16) Au- 
gust 12. 
Pneumatic Riveting. (15) September 
Francis Jenkins. (46) August 12. 
Utilizing Charcoal Blast Furnace Gases. (22) September 
for Ordinary Business and Domestic Purposes. Leon Lowe. 
24) August 
The Automatic Ignition Gas Chemical Means. J.B. Grimwood. (24) August 21. 
The Acetylene Exhibition and Congress Budapest. (12) August 11. 
Electrolysis. William Aldrich. (24) August 14. 
The Automobile Situation. Hiram Percy Maxim. (10) September, 1899. 
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Electric Automobiles. Elmer Sperry. (18) August 

New Petroleum-Spirit Motor-Vehicle. (28) September 
The Kiihlstein-Vollmer Motor-Tractor. (28) August 18. 

New French Types Automobiles. (27) September 

The New Mors Vertical Petroleum Spirit Motor. (28) August 
The Julien Friction Clutch for Motor Vehicles. (2%) August 25. 
Motor-Wagon Trials Liverpool. (11) August (12)August 


Commission’s Report the Test Heavy Motor Vehicles, held Versailles October, 
1898. (13) 


Cycle Construction and Design. Archibald Sharp. (29) August 18. 

Vapeur Fin Georges Duchesne. (37) July, 1899. 

Des Semoirs Lignes. MaxRingelmann. (37) July, 1899. 

Les Progrés Actuels Construction des Machines Vapeur. Alfred Van der 
Stegen. (31) Tome xxii, deuxiéme livraison. 

3 ugust 5. 

Fabrication Industrielle Air Liquide, usine pour une Production 700 litres par 
jour. Julien (33) August 

Utilisation Directe des Gaz des Hauts Fourneaux dans les moteurs Explosion. Aug. 
Dutreux. (33) August 26. 

Moteur Diesel les Moteurs Thermiques. Donat Banki. (33) August 19. 

Etude Supplémentaire sur Production sur Divers Gaz Combustibles. 
Lencauchez. (32) June, 1899. 


Mining. 


The Reduction Metals not Easily Fusible High Temperatures through 
Goldschmidt. (56) August 

Furnace for Smelting Zincy Lead Ores. Ludwig Kloz. (16) September 

Coal Mining Michigan. Charles Holmes. September, 1899. 

Notes Silver Losses Smelting. Malvern (16) September 


The Effect Subsidence Due Coal-Workings, upon Bridges and other Structures. 
(13) September 


Dust Coal Mines. John Hayes. (24) August 14. 

The Mining and Preparation Kaolin. Hopkins. (16) August 26. 

Mechanical Mine Haulage. (16) August 19; (45) September, 1899. 

The Re-Lighting Marsant Mine Lamp. (16) August 19. 

The Iron Mines Cuba. 20) August 17. 

Machine-Mining and Pick-Mining Compared. Hardie. (49) Vol. xx, Part 

Lavage des Sables Auriféres Australie. Hamelin. (36) 

ugust 10. 

Installation Surface des Mines d’Or French Rand Gold Mining Co.” (Repub- 

lique Sud-Africaine.) Dupont. (33) August 26. 


Municipal. 


Roadways Across Bogs. (14) August 19. 
Repairs Asphalt Pavements. (14) August 19. 


Ownership Tramways Great Britain. Benjamin Taylor. (10) August, 


Railway Asphalt Plant. (18) September 
Proposed Salt-Water Street-Sprinkling Plant Oakland, Cal. (13) September 


Railroad. 


Rails and Rail Joints. Bowen. (10) August, 1899. 

The Breakage Steel Rails. (13) August 31. 

Hinged Switch and Cast-Steel Frog; Netherlands State Railways. (13) September 
Rapid Locomotive Erection France. (11) September 

The Use Nickel Steel Locomotive Construction. (47) September 

American Locomotives Great Britain. Charles Jones. (10) September, 1899. 
American Locomotives British Railways. Charles Rous-Marten. (9) September, 


1899. 

Cooke Ten-Wheel Freight Locomotive, Oregon Short Line. (18) September (15) 
September 

New Passenger Locomotives for the New York Central. (40) August 18. 

Engine the Delaware, Lackawanna and Western Railroad. (15) 

u t 25. 

Heavy Ten-wheel Freight Locomotives for the Union Pacific. (15) (18) 
August 12; (25) 1899. 

Ten-Wheel Express Locomotive England. (15) August 18. 

Type Locomotive for the Pennsylvania Railroad. (18) August 26; (46) August 


Richmond Compound Locomotive for Swedish State Railways. (18) August 19. 
Six-Coupled Locomotive, Cauca Railway, United States Colombia. (18) August 12. 
Consolidation Locomotives for the Delaware Hudson Canal Company. 
Consolidation Locomotives, Santa Pacific Railway. September, 1899. 


Ten-Wheel Passenger Locomotive, Denver Rio Grande Railway. (25) September, 1899; 
(40) August 
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Railroad—(Continued). 


Two Improvements Compound Locomotives. (25) September, 1899. 

Locomotive, Swedish State Railways. (25) September, 1899; 
40) August 11. 

Six-Coupled Narrow-Gauge Locomotive for Tasmania. (12) August 

Ten-Wheel Express Locomotive England. (15) August 18. 

The Richmond Double-Ported Valve. (15) August 18. 

Locomotive Boiler with Corrugated Furnace. (13) August 24; (15) September 
(25) September, 1899. 

Tender for Oil-Burning Engine, Great Eastern (21) August, 1899. 

Smokeless Firing with Bituminous Coal Passenger Locomotives. (13) August 31. 

The Electric Locomotive. George Mair. (10) August, 

The Selection Rolling Stock. Uebelacker. (10) August, 

The Rolling Stock the Great Central Railway. (11) August 25. 

Southwestern New 50-Foot Furniture Car and Freight Car Truck. (15) August 


11. 
New Pile-Driver the Chicago, Milwaukee St. Paul. (15) August 11. 
Car fcr Transporting Heavy Loads; North Belgian Railway. (13) 
ugust 17. 
Freight Cars for the Imperial Chinese Railways. (13) August 31. 
The Development the Street Car. John Brill. (10) August, 
The Proposed Guayaquil and Quito Railway Ecuador. (13) August 17. 
The South Devon Atmospheric Railway. Sir Frederick Bramwell. (11) August 25. 
North Bessemer Tunnel. House. (48) June, 1899. 
The Ventilation Tunnels. Francis Fox. (13) (14) September 
Oil Stations Russia. (40) September 
Back Bay Station the New York, New Haven Hartford Railroad. (15) 
for the Preservative Treatment Railway Ties. (13) August 17; (15) 
ugust 18. 
Russian Water Stations. (40) August 18. 
Types Russian Roundhouses. (40) August 11. 
Economy Handling and Transport Minerals. Charles DeNeuville Forman. (21) 
August, 1899. 
Light Electric Railways. Dr. Louis Bell. (10) August, 1899. 
Polyphase Alternating Currents for Electric Railways. Dugald Jackson, Am. Soc, 
The Multiple Unit System Electric Railways. Frank Sprague. (42) May, 1899; 
(18) August 19; (10) August, 1899. 
Railways America from Business Standpoint. William Clark. (10) 
August, 1899. 
The City and South London Electric Railway. (10) August, 1899. 
Combinea Operation Trolley and Steam Systems the Long Island Railroad. (27) 
September 
Model American Electric Railway System. (11) August 18. 
Storage Batteries and Electric Railways. Herbert Lloyd. August, 1899. 
Some Early Traction History. Thorburn Reid. (10) August, 1899. 
Electrolysis from Railway Currents. Arthur Abbott. (10) August, 1899. 
Developments Electric Conduit Railways. F.S. Pearson. (10) August. 
Electric Tramways Great Britain. Robert Blackwell. (10) August, 1899. 
Building Electric Railway. Lemuel Serrell. (10) August, 
Overhead Construction. White. (10) August, 1899. 
The the Modern Electric Railway Motor. Dr.CaryT. Hutchinson. (10) 
ugust, 1899. 
The Conversion Blackpool Tramways. (26) September 
The Stratford Trolley Car Disaster. (46) August 19. 
Shops the North Chicago Street Railway Company. (17) Sep- 
ember, 
the Repair Shops the Chicago City Railway Company. (17) September, 
Power Station the Metropolitan Street Railway Company (New York City). (17) Sep- 
tember, 1859. 
The Plymouth (Eng.) Electric Tramways. (17) September, 1899. 
Traction Electro-Magnétique Contracts Superficiels. August 19. 
Ventilation des Tunnels. Conditions d’Aération. Volume d’air Introduire dans 
pour son Introduction. Raymond Godfernaux. (47) 
ugust 19. 
Dela Revision des Principes Appliqués par vue Protection des Points 
Dangereux. Bogaerde. (31) Tome xxii, deuxiéme livraison. 
Etude sur les Vibrations des Bielles d’Accuplement. Keelhoff. (31) Tome xxii, 
deuxiéme livraison. 
Quelques des Principaux Injecteurs pour Locomotives employés 
Ernest Grootaert. (31) Tome xxii, deuxiéme livraison, 
ugust, 
Tramway Electrique Contacts Superficiels, Diatto. Piérre Guédon. (34) 
August, 1899. 
Les Freins Continus. (37) July, 1899. 


g 
q 
7 
{ 
q 
q 
f 
| 
4 


CURRENT TECHNICAL LITERATURE. 201 


Railroad—(Continued). 


Nouveau Systéme Electrique des moyen Dynamo Actionnée 
par des Essieux. Auvert. (38) August, 1899. 

Lorry Secours cas Déraillement des Voitures Tramways Mécaniques. MM. 
Mauclére Leroux. (38) August, 1899. 

Notes sur les Corrosions, Cassures Fissures Toute Nature, Observées dans les 
Chaudiéres Locomotives Campagnie des Chemins Fer Des- 

geans. (38) August, 1899. 


Sanitary. 


The Proper Size for Septic Sewage Tanks. (13) August 17. 

Septic Tank and Sewage Filter Beds for the Essex Co., Lunatic Asylum, Verona, 
(13) September 

Small Septic and Nitrifraction Sewage Treatment Plant near Chicago. Alvord and 
Shields. (13) September 

Improved Methods for the Purification Sewage and Water Shown the Opera- 


the Municipal Plant Reading, Pa. John Jerome Deery. (3) September, 
1899. 


The Present Condition Sewage Disposal Paris. (13) August 17. 

The Sewerage Concord, (14) August 19. 

The Influence Sewage Cement. (14) August 19. 

Baltimore Sewerage. (14) August 26. 

Storm-Water Overflow, Denver, Colo. (14) September 

Station Liverpool. James Fuertes, Am. Soc. (14) Sep- 
ember 

Refuse Destructor and the Results Obtained from Six Months’ Working the Refuse 


Destructor Torquay. Henry Garrett. (11) August 18; (47) September 
The Horsfall Refuse Destructor. (47) July 29. 


Refuse Furnaces. (14) August 26. 
Refuse Destructor Trials, Torquay, England. (14) September 
The Renovation Bombay. (12) August 25. 


Structural. 


for Heavy Buildings. William Burr, Am. Soc. (10) Septem- 

1899. 

Reactions for Beam Supported Four Points. Birkeland (§7) August 17. 

Calculation Cast-Iron Columns. Nau. (13) August 31. 

The Between the Structure Steel and Its Thermaland Mechanical Treatment. 
Albert Sauveur. (13) August 24. 

The Work the International Association for Testing Materials. Mansfield Merriman, 
Am. (13) (15) August 18; (14) August 19. 

The Sterns Stable, New York. (14) August 19. 

The Mechanical Plant the Exchange Court Building, New York. (14) September 

The Patent Office New Building. (12) August 18. 

The Project Warm Buildings from Central Station Providence. (14) 

Ventilated Chimney Tower. (14) August 

Hospital Hot-Water Heating Plant. (14) August 26. 

Upward and Downward Ventilation. (14) August 26. 

Horizontaux Armaturés, Fer Henry Picq. (35) August, 


Topographical. 


Revolving Camera for Surveying Purposes. (13) August 24. 
Field Notes Civil Engineer—Do They Belong His Client Himself? Van 
der Hoek. (1) July, 1899. 


New Optical Distance Meter, Micrometer.” (53) July 21. 


Water Supply. 


Twin Gates for the Fay Lake Reservoir, Arizona. (13) September 
Reservoirs and their Design. Freeman Coffin, M.Am. (1) July, 


Covered Reservoirs Pasadena, Cal. Allin. (13) August 17. 

The Assouan Dam. (12) August 11. 

East Canyon Creek Dam, Utah. M.S. Parker, (14) September 

The Water-Works Cambridge, Mass. (14) 

Auxiliary Water Supplies. (14) September 

Three Engineering Reports the Ramapo Project. (14) September 

The London Water Supply—Its Future. (12) August 25. 

The Water Supply the City Glasgow. Benjamin Taylor. (10) September, 1899. 

New Tunnels, Intake Crib and Pumping Stations, Chicago, (13) August 

Additional Water Supply Works for Dresden, Germany. (13) September 

The Rice High-Pressure Pump. (20) August 31. 

The American Water Powers. (14) 19. 

The Water Power Electric Plant and Light Regulating Device. (13) 
eptember 


Some Irrigation Appliances the San Bernardino Valley, Cal. (13) September 
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Waterways. 


Methods used Placing the Skeleton Steel Beacon Coast Signals. 
Lighthouse Lawrence Irwell. (19) September 
The Improvement the Big Sandy River. September 
The Dortmund-Ems Canal, and the Hydraulic 

(48) August 12. 


Recent Surveys. (12) August 11. 
écaniques Navigation Intérieure. (37) July, 1899. 


Moyens 


[Society 


(13) September 


ock Lift Henrichenburg. Gerdau. 
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NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


LOCKS AND LOCK-GATES 


For Ship Canals. Henry Goldmark, Am. Soc. Paper, 


This reprint from the Transactions the Association Civil Engineers Cor- 
nell University, and treats the history, construction and operation locks and lock- 
gates for ship canals. Two page plates illustrations the St. Mary’s Falls Canal 
accompany the text. 

MECHANICAL DRAWING. 


Practical Course Mechanical Drawing. William Fox ard 
Charles Thomas. Cloth, ins., pp., illus. New York, 
Van Nostrand Company. $1.25. 


The object this work provide simple, practical course progressive lessons 
mechanical drawing. Instruction given connection with special concrete 
exercise, instead being abstract and general manner, the belief 
the authors that the subject best taught with the use models, instead sketches 
and pictorial The exercises are elementary and progressive character, 
and the course designed for high schools, schools for apprentices and young 
mechanics. The studies are intended fit the pupil make sketches from machinery 
and enable him read and understand ordinary mechanical drawing. 


POTABLE WATER 
And Methods Detecting Impurities. Baker. Boards, 
4ins., pp. New York, Van Nostrand Company. cents. 


This book, which issued No. the Van Nostrand Science Series, replaces 
earlier issue, bearing the same number and practically the same title, another author. 
has been written without regard the contents methods the preceding work, 
now years old, and aims present, for the benefit water commissioners and 
other officials, physicians, public-spirited citizens, and students technical and medical 
schools, clear statement the essential qualities potable water, how may 
obtained, and the significance chemical, bacterial and microscopical tests its quality, 
both themselves and relatively. The relation between water and disease, and typhoid 
fever records index the purity impurity public water supplies are also 


pointed out. 
PRECISE SURVEYING AND GEODESY. 


Elements Precise Surveying and Geodesy. Mansfield Merri- 
man, Am. Soc. Cloth, 261 pp., illus. New York, 
John Wiley Sons. $2.50. 


This book sets forth the history geodesy and the elements geodetic theory and 
practice. The chapter headings are: The Method Least Squares, Precise Plane Trian- 
gulation, Base Lines, Leveling, Astronomical Work, Spherical Geodesy, Spheroidal 
Geodesy, Geodetic Co-ordinates and Projections, Geodetic Triangulation, The igure 
the Earth, Tables. The tables include mean celestial refraction, lengths the 
meridian, lengths arcs parallels, logarithms for geodetic computations, logarithms 
for the Zproblem and constants and their logarithms. There pages, 
and the pages carry their inner margin folios relating the chapter and article. 


THE DESIGN AND CONSTRUCTION DAMS, 
Including Masonry, Earth, Rock-fill and Timber Structures; also the 
Principal Types Movable Dams. Edward Wegmann, Am. 


Wiley Sons. $5.00. 


This the fourth edition Mr. Wegmann’s book originally published 
the design and construction masonry dams, and the work has now been enlarged 
also earth, rock-fill and timber structures and the principal types movable 
dams. The original book, forming Part the present work, has been added the 
insertion detailed description, drawings and views some the high masonry dams 
recently built form storage reservoirs for the water supply the City New York, 
and the publication the Appendix the specifications for the new Croton dam, 
the highest structure its kind. Part treats the fixed dams mentioned, other than 
masonry, and Part IIT devoted movable dams. The figures 
the text and plates, including folders and half-tones. There are Tables and 


bibliography, divided accordance with the general scheme the book, the 
Appendix. 
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MEMBERSHIP. 
ADDITIONS. 
HONORARY MEMBER. Date 
Membership. 
Fritz, July 1893 
MEMBERS, 


PELHAM 

Epwarp 

State Engineer and Surveyor, State Hall, Albany, Sept. 1899 


SEYMOUR 
Hillside Ave. and Cook St.,Victoria, May 1892 


ASSOCIATE MEMBERS. 


500 Oneida Block, Minneapolis, Minn................. Sept. 1899 
Homan, 
Kroonstad, Orange Free State, South Africa............ June 1899 
CRATHORNE 
Insp. Eng., Ry. Co., Topeka, April 1892 
ASSOCIATE. 
JUNIORS. 


Don ALEXANDER 
Res. Eng., Choctaw Memphis R., Little Rock, 


CHANGES ADDRESS. 
MEMBERS. 


Chf. Eng., Wheeling Lake Erie Co., 
Room 712, Arcade Cleveland, Ohio. 

BLACKWELL, ...Wheeling Lake Erie Ry. Co., Cleveland, 
Ohio. 

Shaw Ave., St. Louis, Mo. 
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Keystone Bridge Works, Pittsburg, 
Pa. 

Davis, Care Guayaquil Quito R., Guayaquil, 
Ecuador. 

Davis, ......Care Boston Elev. Ry. Co., 101 Milk St., 
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THE REACTION BREAKWATER APPLIED 
THE IMPROVEMENT OCEAN BARS. 


paper published the Society the Transactions* for Decem- 
ber, 1898, attention called the single curved breakwater Aransas 
Pass, Texas, designed and located the writer for the purpose 
creating that inlet navigable channel least ft. depth. 

the discussion which followed that paper appeared that the 
incompleted breakwater was doing effective work; but survey 
had been made for some time, and the Harbor Company had suspended 
all work since May, 1897, was impossible state the results with any 
degree accuracy. The latest examination available that date was 
that made under the direction Board Engineers for the purpose 
appraising the value the work done, with view turning over 
the Government continue. This board reported November 
22d, 1897, that: 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 


sent mail theSecretary. Discussion, either oral written, will published 


number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 


“Origin the Gulf Stream and Circulation the Waters the Gulf Mexico, 
with Special Reference the Effect Jetty Construction,” Sweitzer, Jr., Jun. 
Soc. E., Transactions, Am. Soc. xl, 86. 
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the time examination the Board, July, 1897, was 8.8 ft., 
and November, 1897, 8.5 ft. The depths and contour lines are 
shown appended charts.” 


(These charts, however, show least depth one crossing the 
crest the bar ft., November 5th.) The Board also 
expressed the opinion that does not seem any probability that 
the jetty now constructed will itself secure and maintain any 
considerable increase depth navigable channel proper 
width.” 

view this expectation and the fact that the end Feb- 
ruary, 1899, period months, the unaided currents have 
increased the depth this particular part the bar from 
reported, over ft., and that, notwithstanding the existence 
large part the old Government jetty across the channel, the question 
may pertinently asked, whence these phenomenal results short 
time? 

REACTION vs. CONCENTRATION. 


The answer plain, since the curved form the breakwater (not 
such develop the potential energy the ebb cur- 
rents, rendering them kinetic, and applying them locally the crest 
the bar where they are needed for scour. the same time, the 
breakwater serves arrest the littoral drift and defend the channel 
from its encroachments. short, aims utilize the well-known 
centrifugal force the reaction developed the resistance caused 
continuous change direction often manifested the concave 
bends streams, instead the principle concentration which has 
been relied upon largely the system twin convergent jetties, 
with such meager results. 

This may well illustrated, perhaps, the case projectile 
flying through the air with large amount stored energy, which 
developed suddenly only when meeting with point resistance. 
has also been observed that currents having velocity sufficient 
scour the material over which they are flowing not disturb it, but 
resisting log, rock other obstruction introduced, the obstruc- 
tion undermined and often buried and covered the reaction 
which develops the currents. 

Ex. Doc. 78, 48th Congress, stated that The mean ordinary 
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velocity the Narrows (New York Bay), is, during the ebb tide, about 
2ft. per second, and from this depth 100 ft. This does not 
follow, there are numerous sandy bars having much greater mean 
velocity over them which lie depths less than ft. from the sur- 
face. Manifestly, not velocity, therefore, that constitutes the 
working force produce scour, but reaction, just when impounded 
waters are dammed back prior escaping through breach, when the 
increased head and contraction react upun the bottom, affecting the 
entire volume and producing deep eddies. the case single 
obstructing pier head, the effects will often extend depths ft. 
more, depending the intensity and direction the currents, 
scouring out the material and depositing the lee the pier. 
the case the Narrows, above cited, not the ebb which scours, 
but the flood current, the resultant which near the bottom and 
which runs for eleven hours out twelve stream into the 
Upper Bay, indicating huge vertical eddy.* 

The principle concentration trailing convergent parallel 
jetties, the other hand, has been applied frequently maritime 
engineers, but generally without producing the desired results unless 
aided dredging. The most successful instances this method are 
those the mouths large rivers which debouch into nearly tideless 
seas, the Sulina mouth the Danube, built Sir Charles 
Hartley; the South Pass, the late James Eads, Am. Soe. E., 
and the Tampico jetties, Corthell, Am. Soe. E.; but 
for purely tidal entrances the effect the two jetties invert the 
natural trumpet-shaped opening and diminish the area the gorge, 
which transferred the crest the bar, thus reducing the tidal 
volumes, preventing the complete tilling the interior compartment 
and requiring the same volume move both directions over the 
same path. The effect, therefore, minimize the movement and 
reduce the resultant zero. Probably the most successful tidal 
harbor improved convergent jetties that Dublin, where the 
improvement largely due gap 600 ft. left the Great 
North Wall,” jetty, near its shore end, admit the flood tide 
which passes over the North Bull Sands, and which flows out chiefly 
through the jetties because the form the basin and the great 
range the tides, which there about ft. 


the author. Library, Am. Soc. 
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The following extracts from paper read May 20th, 1879, John 
Purser Griffith, Assoc. Inst. E., Improvement the 
Bar Dublin Harbor Artificial Scour,” will serve illustrate this 
point 

Mr. Giles recommended that opening should left the 
shore end the proposed wall 600 ft. wide, allow free passage 
for the tidal waters north the Green Bull Island, the sand island 
the North Bull was called. This opening had been proposed 
Captain Corneille 1802; but that time the Directors General 
Inland Navigation feared that the flood tide flowing through this open- 


ing would carry sand from the North Bull into the harbor, and that 


injury thus done the port might more than counterbalance any ad- 
vantage gained the opening. 

1835 Sir William Cubitt reported upon the state the harbor. 
Referring the improvement the bar, says: great increase 
depth and improved channel over the bar attribute entirely the 
erection the Great North Wall, measure founded upon sound prin- 
ciples, and carried into effect manner well calculated effect the 
desired purposes—viz., that checking the influx sand upon the 
flood tide from the North Bull into the harbor, and giving increased 
impetus the ebb tide means narrowing the stream, and confining 
direction suitable for keeping open the best channel, the effect 
which already shown increased depth ft. over the east bar 
since the erection the Great North Wall.’ 

Captain Washington, his report, written 1845, the harbor 
Dublin, one the Tidal Harbors Commissioners, referred the 
Great North Wall follows: ‘The propriety this measure, which 
involved heavy expenditure, has been much controverted 
amongst persons connected with the port; but believed that there 
now but one opinion its beneficial effects, and that the plan 
evinced both good judgment and skill.’ 

There are few, any, similar cases bar and entrance channel 
any harbor being increased depth like that Dublin, viz., about 
ft. thirty years, and think great credit due those who 
designed, well those who executed works which have achieved 
important result. 

improvement Dublin Harbor entrance ranks second none. 
There other example, far the author aware, the con- 
struction artificial estuary for scouring purposes which has proved 
successful. 

the discussion Mr. Abernethy, Vice-President, said thought 
attention should directed the construction works which would 
tend increase the tidal volume, and the same time prolong the 


action the outgoing currents from the period half ebb towards low 
water. 
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Mr. Bergeron stated was very difficult, almost impossible, 
dredge sand bars open sea. 

Mr. Vernon-Harcourt said that diminish the tidal capacity 
within harbor was the worst thing that could possibly done. 

Mr. Griffith said: Prior the construction the Great North 
Wall the ebb spring tide attained velocity miles per hour 
across the bar, while present reached nearly miles, showing 
increase about miles per hour. did not believe that very high 
velocities were efficient. Several instances might named which 
high velocities were attained, and yet the scour was failure. 

Mr. Stoney thought that though there might some doubt 
the authorship the Great North Wall, there could none its 
complete success.” 


From this quotation appears that some the best authorities 
the world recognize increase depth ft. thirty years 
being beyond precedent, yet Aransas Pass, with incompleted 
reaction breakwater, having large gaps both extremities, feeble 
tide (only ins.), and serious submerged obstruction almost com- 
pletely blocking the channel, the depths have progressively increased 
from about ft. average over ft. few years, while 
some places there are depths ft.; that instead deepening 
the rate ft. over four years, the figures are reversed and 
show over ft. one year, rate which about twenty times 
greater than the best heretofore recorded. 

These results are the more remarkable they have been obtained 
without the aid dredging, and bar which composed hard, 
fine sand, compact that boat hook the blade oar does not 
penetrate it; solid it, that Board Engineers, said 
this bar that The necessary results could not obtained without 


extensive and almost constant dredging, which would involve 


lable expense.” 

early 1871, the project obtaining navigable channel over 
the Aransas Bar was pronounced impracticable because its cost. 
The report the United States Engineers 1871 stated that 
cost building jetty, from Mustang St. Joseph’s Island towards 
the bar, which would able resist the action the storms upon 
the quicksand foundation, must insuperable objection any 
such experiment;” yet was finally considered expedient, and was 
further estimated 1879 that, obtain 12-ft. channel would cost 
$759 185. (The ruling depths are ft.) Work was commenced 
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this project 1880 and, after expenditure $550 416, 
June, 1890, was discontinued, with resulting depth 
1887 the project was modified ‘‘to secure and maintain channel 
depth not less than ft.,” and the same report stated that The 
original estimated cost this work, here revised, 052 543.72.” 


Cost THE REACTION BREAKWATER. 


the Government abandoned the work Aransas and concen- 
trated its appropriations Galveston, private company, known 
the Aransas Pass Harbor Company, was incorporated, March 22d, 
1890, and soon thereafter secured large land bonus and proceeded 
construct another jetty which, like its predecessor, was erroneously 
located the southerly side the Pass. proved failure, 
was predicted, but seemed necessary part the experience 
the Company. 

later date the Company was reorganized, and was then deci- 
ded give the reaction breakwater trial building only half it, 
for which half depths ft. were predicted. Work was commenced 
August, 1895, and few months the bar deepened ft.; but, 
unfortunately, the remains the original Government jetty were then 
uncovered and found still place, lying across the proposed 
channel, although previously officially reported have 
peared.” The building the breakwater high water intersected 
this old work and formed pocket which arrested the sand and pre- 
vented scour, while the Harbor Company failed remove the 
obstructing jetty, advised do, until the winter 1896-97, when 
contract was made with Col. Goodyear complete the work, 
advance all the funds and assume all risks. 

exploded some 3501bs. dynamite the old jetty and bar, 
causing breach about 500 ft. length near the breakwater, but 
being unable secure the capital time continue the work, 
was reluctantly obliged surrender his contract May, 1897. Since 
that time work has been done. About mile the breakwater 
near the center was built full shore flank was ex- 
tended its minimum limits, but contracted section, with large 
gaps through which the ebb currents escaped seaward and the sand 
entered the channel during flood tide, and the mat was laid the 
outer end distance ft. All this work was done Charles 
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Clark Company, Galveston, and notwithstanding the storms, 
which have been violent, and the alleged quicksand, there 
appreciable loss shrinkage the sections the structure, which 
has stood more than three years, very exposed position, doing ex- 
cellent service. 

The total length the structure designed 200 ft., and about 
$250 000 has been expended it. 

The quantities were: 


429 


000 cu. yds. $3.33 per yard, and the cost per foot depth 
gained, date, has been approximately would, doubtless, 
have been much less but for the old jetty, which still serious ob- 
struction and menace the navigable channel. 

the total length this work less than half that required 
the parallel-jetty system, evident that its cost will much less 


while its efficiency much greater, creates and maintains its own 
channel. 


official report thorough survey made January and Feb- 


ruary, 1899, the United States Coast and Geodetic Survey states, 
inter alia: 


That during the winter the weather was bad that was only 
practicable get the bar for survey purposes about one day out 


each week, and that ‘‘very heavy gales prevailed with terrific force 
with the wind from the north-north-east.” 


1895 the Aransas Pass Harbor Company constructed jetty 
the shape the letter the north side the entrance, which 
still existence, and ever since its construction there has been 
marked increase the depth water The present channel 
crosses the jetty, portions which are existence. 
attempt was made remove this explosion dynamite, with the 
result that the rocks scattered over considerable area, and without 
doubt they prevent the current from scouring the bottom its full 
present jetty and the clearing away the rock the entrance that 
channel least ft. depth would soon secured.” 


This report, taken whole, confirms every particular the pre- 
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dictions the inventor the results expected and the 
features embodied breakwater this peculiar form and position. 

The conditions which this structure was designed fulfill were: 

That should arrest the littoral drift sand and defend the 
channel from its encroachments—hence must placed wind- 
ward” the proposed channel. 

That should freely admit the full tidal prism during the 
entire period flood tide, that there might reduction 
volume ebb; consequently was detached from shore, there being 
gap nearly 800 ft. left open the inner end. 

That should catch and control the greater part the dis- 
charge ebb and confine locally narrow path across the bar, 
thus changing the conditions equilibrium the tidal movements 
largely favor the ebb. 

should compound and reverse curve, concave the 
channel, and have such radii produce the best dimensions 
waterway consistent with the volume discharge, develop 
continuous reaction entirely across the bar and the same time afford 
good navigable channel. 

should also adjusted, with reference the axis the 
discharge, receive the same tangentially and train across the 
bar without creating abrupt points incidence, causing inequality 
depths, and, the same time, not producing much compression 
cause undermining and ultimate destruction large expense 
for maintenance. 

should also control sufficient volume prevent any 
encroachment drift from the opposite side the channel during 
the season change the direction angular wave movements, and 
thus construct its counterpart sand aid controlling the cur- 
rents, without cost. 

should not promote the growth the bar seaward the 
deposit the material removed from the channel the outer slope 
the bar. 

should rise above high water afford aid navigation 
breaking the waves and indicating the position the channel. 

should located develop the channel across that part 
the entrance where the bar-building forces are weakest, thus giving 
quicker and more permanent results. 
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That this single, detached, reaction breakwater fully satisfies the 
foregoing requirements, even under adverse circumstances and 
incomplete state, demonstrated sufficiently the work done 
Aransas Pass, shown the progressive deepening and enlargement 
the channel since the breach was made the old Government jetty 
Colonel Goodyear 1897. That stable, permanent and 
economical structure also shown the condition the work after 
tests severe storms and years exposure. has remark- 
able power producing erosion shown the fact that February, 
1895, the distance across the bar between the 15-ft. contours the 
inside and outside was 650 ft., nearly mile, which has been 
cut through except few hundred feet, giving navigable channel 
mean low water over ft., and without material advance the 
bar seaward. 

not doubted competent authorities that the breakwater 
had been completed the ten months, originally proposed, and 
the old jetty had been promptly removed when discovered situ, the 
predicted ft. would have been secured ere now, and without aid 
from dredging. while the channel would have been self-maintaining. 

short, this simple structure marks distinct advance the 
resources maritime engineers the improvement ocean bars, 
with great economy cost construction and maintenance, and large 
saving time. the result about years research and over 
years effort secure practical demonstration, and has now 
reached point sufficient prove its great utility. 

but just toadd that these unprecedented results were probably 
unknown the Board Engineers which stated 1897 the 
value the Government the works the Aransas Pass Harbor 
Company for the improvement Aransas Pass, Tex., nothing,” and 
that the same Board reporting the same subject December 17th, 
1898, therefore urged the removal the outer 1000 ft. foundation; 
the construction sill ft. wide and ft. deep, which would have 
obstructed the tides closing the opening the shore end; the 
construction parallel straight jetty the southerly side the 
channel and other works, supplemented the dredging 750 000 cu. 
yds. estimated cost This estimate was met 
proposition from responsible firm contractors guarantee the 
20-ft. channel within years cost less than half the above 
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sum, with the result that Congress concluded appropriate $60 000 
remove the obstructing portion the old Government jetty, and 
permitted the incomplete breakwater remain unmolested, that 
might continue deepen the channel natural agencies and 
further demonstrate its utilities. date the reported depth was 
ft. while since then has increased, within few months, 
about ft. the same point, thus confirming the wisdom this 
action. With the gaps closed and the structure completed, there 
should result, time, the full depth ft., predicted, 
and cost considerably less than half that the parallel jetties, 
originally proposed. The manifest economies this method should 
suffice commend for more general use the improvement bars 
alluvial coasts where there resultant littoral drift. 

The writer desires acknowledge his indebtedness Major 
Ripley, Am. E., and George Wisner, Am. Soc. E., 
consulting engineers, for assistance preparing the specifications and 
for their unshaken confider the results from this 
plan from its inception, well Colonel Goodyear for his 
successful effort breach the old jetty, and thus enable the partially 
controlled currents reach the crest the bar. 

The work was done under the efficient supervision Major William 
Dunbar Jenkins, Am. Soc. E., resident engineer for the Harbor 
Company, and his ussistants, Messrs. Pitts and Collins. 
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THE THEORY THE REACTION BREAKWATER. 


was the purpose the writer submit only brief statement 
physical conditions and results secured under very adverse circum- 
stances, but, deference the opinions the Committee Publica- 
tions, digest the researches which led the development this 
form breakwater added supplement the subject. 

The numerous and conflicting conclusions, reported after careful 
instrumental surveys made determine the direction and intensity 
the forces operating upon ocean bars, led give them but 
little weight, and conclude that the best guide such cases was 
found correct interpretation the resultant hydrographic 
features revealed study comparative charts. This method 
best applied alluvial coasts where the material, being more 
less mobile plastic, moulded the ever-varying forces winds, 
waves, tides and currents, the resultant effect which manifested 
the form, size and location the adjacent and submerged shoals, 
dunes and other features; short, deduction cause from 
effect and characterized certain typical forms and directions 
movement, that comprehensive well detailed study the 
records covering extended period time are important factors 
solving problems this class. 

The writer, therefore, gave considerable time the investigation 
the literature and charts pertaining harbor inlets, both home 
and abroad, making personal visits the more important works, and 
was surprised find how percentage were designed with 
view utilize the natural forces for deepening and maiutenance. 
prepared several papers discussing and classifying these problems, 
which have appeared various scientific periodicals.* 


Harbor Studies.” Proceedings, Engineers’ Club Philadelphia, Jan. 16th, 1886. 


New York Entrance.” Proceedings, Engineers’ Club Philadelphia, Feb. 6th, 


Delaware Breakwater.” Proceedings, Engineers’ Club Philadelphia, Feb 
20th, 1886. 


the New York Proceedings, Am. Assoc. for Advancement 
Science, Aug. 20th, 1886. 


Tidal Rivers.” the Franklin Inst., Sept., 1887. 
the Port Journal the Franklin Inst., Oct., 1887. 


Physical Phenomena Harbor Entrances: Their Causes and Remedies.” 


Proceedings, Phil. Soc., 1888. (This paper received the award the Magellanic 
Premium, Dec. 16th, 1887.) 


Discussion the Dynamic Action the Ocean Building Bars, etc., being 
Report the Board Engineers, Proceedings, Amer. Phil. Soc., March, 1889. 


(This list continued the foot-note page 517.) 
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The result these investigations led the following conclusions: 

(1) That many places there were cyclic movements the bars 
and channels produced the resultant the external littoral forces 
which were the bar-building agents, and which predominated over the 
internal ebb currents which were the bar-destroying elements. 

(2) That maritime engineers, their efforts improve purely tidal 
entrances, had greatly reduced the tidal energy constructing two 
parallel convergent jetties from the shore line the bar, thus ob- 
structing the free ingress the tide upon which they were dependent 
for both volume and velocity ebb, and construction con- 
fined the movements all stages both ebb and flood the same 
path across the bar, thus producing changes equilibrium favor 
the ebb and requiring constant expense for bar removal and main- 
tenance between jetties dredging. 

(3) That the construction jetties, where there resultant 
littoral drift, the wrong one sometimes built first, thus arresting the 
drift and causing the bar advance seaward (in one case nearly 
thus greatly increasing the cost. 

(4) That attempt had been made utilize the reaction principle 
effect local scour across ocean bar similar that existing 
all concave bends streams. 

The writer, therefore, believed that, radical departure from 
the existing practice, there were numerous localities where single 
structure proper form and position might made utilize all the 
available forces Nature assist creating better channel across 
ocean bars and fulfill all the requirements set forth the first portion 
this paper, but precedent existed and must needs establish 
the correctness the theory, applications were made January, 
1888, the Board Engineers, A., for report his plans, 
followed requests the Chiefs Engineers, under dates June 
30th, July 30th and September 14th, 1888, for permission make 
demonstration, site agreed upon. These requests were 
never even acknowledged, although the letters were doubtless received, 
since they were not returned, while the Board made adverse report 
the Chief Engineers March 16th, 1888, concluding with these 
words: The Board finds that Professor Haupt’s views purely 

Island Inlet: Moving East Journal the Franklin Inst., 
April, 

Report the Harbor Wilmington, March, 1888. 

Jetties for Improving Journal the Franklin Inst., April, 1888. 

Bar Journal the Franklin Inst., July, 1889. 


Harbor Journal the Franklin Inst., Oct., 1891. 


sion, Jan., 1891. 


for Improvement Entrance Rio Grande Sul, 1888. 
Movement the New Jersey Coast, with Remarks Beach Protection 


and Jetty Reaction.” Transactions, Am. Soc. E., Sept., 1890. 
(Most the papers cited this list will found the library the Society.) 
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PLAN IMPROVEMENT 


ARANSAS PASS, 
TEXAS. 


Soundings, Shore-lines and positions of 
works already constructed, taken from Chart 
No. 5 submitted by Board of Engineers, 
Nov, 22, 1897, 
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theoretical, are unconfirmed experience and contain nothing not 
already well known, which has useful application the improve- 
ment our harbors.” 

The writer only learned the existence this report accident 
date, when was quoted against his plans. then dis- 
cussed the report, forwarding copies thereof the members the 
Board and the then Chief Engineers, but received reply. was 
therefore impossible confirm the theory experience,” and there 
was alternative but await favorable opportunity, which did uot 
arrive until 1895, when, everything else having failed Aransas Pass, 
where over $500 000 had been spent the Government futile efforts 
secure ft. water, private party finally concluded build half 
the reaction breakwater predicted depth ft. for this part 
the work. This depth has now been exceeded, but only after 
breach was made the obstructing Government jetty, officially 
reported have disappeared prior the beginning the work. 
The partially controlled currents have actually removed about 400 000 
cu. yds. compact sand from the bar without the aid dredge 
other mechanical appliance, and have prevented the deposition the 
channel much larger volume driven along the coast the angular 
wave movements. 

The theory, therefore, which has been successfully applied this 
admittedly difficult and unpromising location, was protect the bar 
crossing near its weakest point from the drifting sand resisting 
mass rock placed develop continuous reaction across the 
bar the ebb currents, preventing their expanding over the entire 
external sector and conserving the energy the effluent stream until 
reached the deep water the Gulf. 

means this end the breakwater detached from the shore 
permit the tidal compartments the inner bays filled freely 
each flood; also composed curves whose radii and centers are 
adjusted the site such manner cause deposits the outer 
side the structure, thus re-enforcing it, and scour the inner side, 
where excess foundation material revets the slope, and peculiar 
order construction adopted, whereby the scour assisted 
gravity and the advance the bar seaward prevented. 

All these results have been fully secured the work thus 
far done, shown the Coast Survey report February, 1899. 
Modifications, however, are always expected depths due 
variations the natural forces, but the progressive deepening created 
the currents gives every assurance their ability maintain the 
channel they have already created and which would still further 
deepened the completion the work designed. 

The modifications submitted the last Congress two members 
the Board Engineers their report December 17th, 1898, are 
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shown Fig. from which appears that was proposed return, 
nearly might be, the old-time method two, nearly parallel, 
jetties and the closure the beach entrance, supplemented dredg- 
ing cost over 000. This plan, adopted, would destroy 
the effective energy the currents and prevent the completion the 
demonstration the principles which have been applied thus far 
this entrance with unprecedented success, and would further involve 
annual expense for maintenance, which not now required. 

This proposition, however, was rejected Congress, which, 
stated, made appropriation $60 000 resume that portion the 
old Government jetty which crossed the channel and provided that 
portion the reaction breakwater should disturbed. This work 
was recommended the United States District Engineer, June 8th, 
1899, and was authorized July 11th, 1899. 

part the evolution the improvement ocean bars and 
confirmation the theory, the writer desires add that inde- 

efforts were being made others the same direction and 
with substantially the same conclusions the primary importance 
arresting the littoral drift and concentrating the scouring force 
single curved breakwater instead controlling the ebb move- 
ments means two jetties. early 1883, Mr. Ripley, 
then United States Assistant Engineer Colonel 
stationed Galveston, Tex., designed concave, detached breakwater 
for that entrance, placed the windward side the channel, 
which was approved Colonel Mansfield and recommended the 
Chief Engineers for adoption, letter dated March 19th, 1884. 
This design shown the Report the Chief Engineers for 1884, 
opposite page 1300, and designated: Site North Jetty, proposed 

This coincidence, connection with Mr. Wisner’s work, both 
the South Pass and the mouth the Brazos, led the formation 
the Board Consulting Engineers for Aransas Pass Mr. 
Brewster Cameron, which consisted Ripley, George 
Wisner and the writer. Their predictions have been fully verified 
the results secured natural scour after the partial removal the 
unexpected obstructions. 

propos the severe floods the basin the Brazos River, 
Texas, July, was expected that the larger volume discharging 
with greater velocity over the bar its mouth between parallel jetties 
would materially improve the depth. the contrary, the soundings 
showed but ft. several places, thus demonstrating the relative 
superiority the principle reaction single jetty, applied 
Aransas, that concentration twin jetties the Brazos 

River bar. 
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The object this paper describe briefly the results three- 
months’ test mechanical filter, which has recently been installed 
for the East Providence Water Company, East Providence, 

The New York Filter Manufacturing Company, New York City, 
furnished the filter, which type known the Jewell Gravity 
Filter. 

The entire work, including the filter house and pure-water well, 
shown Plate VIII, Figs. and was designed and built under 
the direction of.the writer, who acted Consulting Engineer for the 
New York Filter Manufacturing Company. 

The average daily quantity water furnished its consumers 
the East Providence Water Company, the present time, about 
200 000 galls. The available daily capacity the filter 500 000 
galls., and the rate filtration 125 000 000 galls. per acre per 
hours. The filter house, pure-water well and pipes are arranged for 
future addition three the same design and capacity, 
when demanded the requirements the service. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings. and, when finally closed, the papers with discussion 
full will published Transactions. 


SEDIMENTATION SASIN, 

FILTER BED. 

SuPPLY TO FILTER, 

WASH TO FILTER, 

OUTLET FOR FILTERED WATER. 
CONTROLLER FOR REGULATING NISCHARGElo 
OF FILTERED WATER, (BUTTERFLY VALVE 
NOT SHOWN), 

J SUCTION PIPE FOR WASH PUMP. 

K PUMP FOR WASHING FILTER BED. 

M FLOAT TANK TO REGUL.SUPR.TO FILTER. 
T AGITATING APPARATUS. 

U CHEMICAL TANK. 

V ALUM FEED PUMP, 

W ALUM FEED PIPE TO FILTER, 

x PROPELLER FOR OPER’G ALUM FEED PUMP, 
Y SUPPLY PIPE FOR ALUM FEED PUMP, 
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The filter was run throughout the test under ordinary working 


conditions, and the filtered water was pumped directly into the mains 


and supplied the consumers. The filter was charge, under the 


writer’s direction, the regular pumping engineer the East Provi- 
dence Water Company. The writer gave directions from time time, 
but did not, the average, visit the filter plant more than once 
week during the test. 

The chemical analyses were made Professor John Howard 
Appleton, Brown University. The bacteriological work was done 
Dr. Gardner Swarts, Secretary the State Board Health 


Rhode Island, who also determined the color and alkalinity the 
samples. 


The samples water for analysis were collected the pumping 
engineer about o’clock the morning, the filter-bed generally 
being washed about two hours earlier. 

report, dated March 12th, 1894, describing experiments with 
experimental filters, made under the writer’s direction, Providence, 
from February, 1893, January, 1894, inclusive, the writer’s 
conclusions are given the effect that water can satis- 
factorily purified first-class mechanical filtration slow sand 
filtration. 

Since this report was published, elaborate investigations, made 
with mechanical filters, Louisville, Pittsburg and Cincinnati, with 
waters widely different from the water supply Providence, have 


practically substantiated the writer’s conclusions, given the 


Providence report. would seem, therefore, that after taking into 


consideration the additional experimental results given this paper, 
which were obtained with filter absolutely practical service, 
though there could longer any reasonable doubt, such may 
have existed, regard the practicability and efficiency mechani- 
cal filtration, and that henceforth, the broad field water 
tion, mechanical filtration can looked upon being equally 
desirable slow sand filtration. 

The chemical used during the test was sulphate alumina, which 
was added the raw water the form coagulant solution, pre- 
pared dissolving one part sulphate alumina about parts 


filtered water. The solution was always thoroughly mixed before 
being used. 
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The theory mechanical filtration, when sulphate alumina has 
been added the filtered water, may described briefly follows: 
The alumina causes artificial precipitation; portion the alumina 
decomposed, forming sulphates other bases and flocculent pre- 
cipitate aluminic hydrate. portion also combines directly 
with the organic matter the water, coagulating the same and thus 
helping increase the precipitation. The degree color the 
water also largely reduced the uniting the precipitated alumi- 
nic hydrate with the coloring matter the water. 

The filter was first put service February 25th, 1899, and 
has been regular operation since that time. The test was com- 
menced March 13th, which was soon known grade sul- 
phate alumina could procured. Previous March 13th, sul- 
phate inferior grade was used, and was added the raw water 
rates from grain per gallon. This was the only quality 
sulphate alumina which could purchased Providence the 
time, and the percentage Al, which contained was not known. 

The sulphate alumina used during the test and special experi- 
ments, contained about 22% Al, with the exception that during 
one special experiment inferior and cheaper grade containing 
about 17.53% Al, was used. 

The sulphate alumina was added the raw water the rate 
grain per gallon, with the exception that three special experi- 
ments and grain per gallon were used. 

Tables Nos. and give all the results obtained during the 
test, with the exception those the special experiments, which are 
given Table No. 

can seen Tables Nos. and the investigations rela- 
tive the chemical constituents and the color and alkalinity the 
samples were concluded May 

the intention continue the bacteriological analyses, least 
until June 30th, 1899, and Table No. gives all the results which have 
been obtained time made use this paper, with the excep- 
tion those the special experiments. 

Fig. Plate VIII, view the filter house, which located 
adjacent the pumping station the East Providence Water Com- 
pany, Hunt’s Mills.” the right the plate can seen 
small portion one end the pumping station. The power required 
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for driving the agitator and wash pump furnished turbine 
wheel located the basement the pumping station, and trans- 
mitted the filter house shown the plate. 

Fig. Plate sectional elevation through the filter, filter 
house and pure-water well. The filter and auxiliaries comprise sedi- 
mentation basin, crushed quartz filter-bed having area about 
176 sq. ft., pump for adding the coagulant the raw water, auto- 
matic controller connected the main discharge pipe the filter for 
maintaining constant rate filtration, pump and appliances for 
washing and agitating the filter-bed and for washing out the sedimen- 
tation basin, and screens connected collecting pipes the bottom 
the filter-bed. The raw water, which the sulphate alumina has 
been added, enters the sedimentation basin through the valve the 
supply pipe and deflected curved casting such 
manner that caused circulate slowly around the basin. The 
water rises from the sedimentation basin through the central pipe 
shown Fig. Plate VIII, the required height above the filter- 
bed. The water passes downward and outward through the filter-bed, 
and collecting pipes the main discharge pipe and control- 
ler, during the process filtration, andinward and upward through 
the collecting pipes, screens and filter-bed, when the filter-bed 
being washed. The screens prevent the quartz any foreign sub- 
stances from entering the collecting pipes and passing off with the fil- 
tered water. 

The depth the crushed quartz filter-bed about 3.67 ft. The 
sedimentation basin has capacity equal flow about minutes 
when the filter being operated the normal rate 125 000 000 
galls. per acre per hours. 

‘The coagulant pump made vulcanized rubber, and consists 
six hollow arms radiating from chambered hub, and bent the 
direction rotation. actuated propeller, situated the 
main supply pipe, the aid upright shaft and bevel gears. 
The pump gives excellent satisfaction, and its displacement remark- 
ably accurate. 

The automatic controller new and original design, and 
decided success. careful test the controller was made when 
was first put service, the flow water being gauged accurately, 
and was found, during five-hour run the filter, that the vari- 
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ation the rate filtration between the commencement and the end 
ofthe run was less than one-half per cent. 
The manner which the filter operated follows: the end 

run, immediately before starting the filter, the filter-bed 
washed thoroughly forcing through the screens and filter-bed 
reverse filtered water under pressure, the mechanical rake 
agitator being operated the same time, which adds materially 
the efficient cleansing the filter-bed. The water forced 
through the bed and the agitator kept motion until the water 
flowing from the overflow drain pipe clear was before being 
used for washing the filter. The necessary valves are then operated, 
and the unfiltered water, which the sulphate alumina being 
added, turned the filter. The sedimentation basin washed 
out allowing the wash water the top the filter-bed pass 
down into the basin through the central pipe shown Fig. Plate 
and thence out through waste pipe the bottom the basin. 
The agitator shaft runs through the central pipe and carries its 
lower end curved nozzle. the agitator shaft revolved, the 
nozzle given circular motion, and the rapid current water 
passing through thrown all parts the sedimentation basin 

and stirs and flushes out the accumulated sediment. The sedimen- 

tation basin also provided with manhole. 

The averages the results Tables Nos. and show that 

the process filtration there was: 


99.20% less bacteria the filtered water than the raw 
less total solids the filtered water; 
less chlorine the filtered water; 

less ferric oxide the filtered water; 

less aluminic oxide the filtered water; 

less free ammonia the filtered water; 

less albuminoid ammonia the filtered water; 
less color the filtered water; 


increase hardness the filtered water. 


Table No. shows that every instance the filtered water was 
more less alkaline, and, consequently, that the raw water was 
ciently alkaline more than decompose the grain per gallon 
sulphate alumina added it. 


TABLE No. ANALYSES SAMPLES, 


GARDNER 


Results obtained during the time that grain sulphate 
alumina per gallon was used, 


Rate filtration, 125 000 000 galls. per acre per hours. 


BACTERIA PER 


BACTERIA PER 


ion. 
Raw Filtered Raw Filtered 
595 5.5 2.5 99.11 
1 257 7 99.45 || 976 3 99.69 
782 | 1.5 150 5 96 .66 
499 7 466 3.5 99.25 
545 4 238 0.5 99.79 
855 306 0.5 99.83 
1910 19 473 0 100.00 
6.5 210 0.5 99.76 
1175 6.5 228 1 99.56 
9.3 238 0.5 99.79 
Lost. 275 100.00 
798 1.6 270 0.5 
1.5 454 4.5 99.01 
865 11 334 11,5 96.56 
699 2 331 4 98.79 ‘ 
499 494 5.6 98.86 
341 6.3 98.15 
697 0.5 354 0.3 
724 11 243 2 99.18 


Special experiments were made from March 20th 30th, from May 6th and 


bacteria the different samples were cultivated during periods from five 
six days. 


Special attention also called the fact that Table No. shows 
that the average number bacteria per cubic centimeter found the 
samples filtered water less than and that the above summary 
shows that the filtered water contained 38% less alumina than did the 
raw water before the sulphate alumina was added it. 


The results the special experiments mentioned are shown 
Table No. 
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TABLE No. ANALYSES SAMPLES, PROFESSOR JOHN 
APPLETON. 


Results obtained during the time that grain sulphate 
alumina per gallon was used. 

Rate filtration, 125 000 000 galls. per acre per hours. 

The numbers express parts (by weight) one million parts 
water (by weight). 


| 
| 
| 
| 


| 


Raw 
39.0 16.0 4.8 0.58 0.47 0.04 0.22 0.60 Trace. 
14.0 7.0 0.60 0.80 0.10 0.26 0.90 
39.9 17.0 6.4 0.61 1.05 0.05 0.26 0.70 
43.7 18.0 6.2 1.00 0.75 0.02 0.22 0.70 
|: aes 53.1 21.0 6.4 0.91 1.84 0.03 0.38 0.60 0 
™ ; ee 54.9 21.0 6.1 1.01 0.34 0.03 0.34 0.60 | Trace 
20.0 6.4 1.09 0.76 0.04 0.32 0.60 


6.2 0.86 


Averages......| 45.6 18.1 0.04 0.29 
FILTERED WATER. 
40.4 19.0 6.0 0.45 0.55 0.05 OF 
37.4 22.0 6.4 0.28 1.02 0.05 0.60 
39.6 19.0 6.2 0.19 0.26 | 0.01 0.07 0.60 ~ 
May 11.......| 47.2 23.0 6.3 0.20 0.55 0.02 0.14 . 0.40 0 
23.0 5.8 0.13 C.47 0.03 0.12 0.50 | Trace 
cused 46.5 24.0 7.2 0.40 0.45 0.02 0.13 


42.83 21.7 6.1 0.82 0.53 0.08 0.11 0.57 


AVERAGE PERCENTAGE, LESS, THE FILTERED WATER. 


may noticed, the percentage less bacteria from May Ist 
6th, when grain sulphate alumina per gallon was used, 
considerably less than was from March 20th 25th, when the same 
quantity sulphate alumina was being used. The difference may 
accounted for partially the fact that the average number bacteria 
the raw water was nearly five times large from March 20th 
25th, when the more favorable results were obtained, than was during 
the period less favorable results, from May 6th; but the 
principal cause due the sample filtered water May 4th hav- 
ing contained larger number bacteria than was found any 


Special experiments were made from March 20th 30th, and from May Ist 6th. 


| | 
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sample during the test, viz., 61, and the sample raw water this 
date contained but 298, the percentage reduction was only 78.89 
which, being averaged with the percentage the other five days, 
brought down the total average the special test, from May 6th 
inclusive, 94.03 per cent. 

The results given Tables Nos. and are remarkably 
satisfactory; but account several instances Table No. when 
the bacterial reductions are shown 98%, may well 
state that the filter has been working disadvantage for compari- 


son percentages, account the small number bacteria the 
raw water. 


Swarts. 
Results obtained during the time that grain sulphate 
alumina per gallon was used. 


Rate filtration, 125 000000 galls. per acre per twenty-four hours. 


Percent- 


water.| water. water.| water. color re- 


moved. 
0.30 0.06 
0.30 0.06 


os 


0.10 83.0 


Average 


Special experiments were made from March 20th 30th and from May 6th. 


can seen Table No. the average number bacteria 
found the filtered water less than per cubic centimeter, which 
remarkably small number (the average found the 
effluent the filter the Lawrence water-works during March and 
April, 1898, being the results given Table No. 


| 
Mar. 
Apr. 1 | 
3 
| 
“ 5 “ 
“ 
| 
) ‘ 
y 
> 
ers 


should used for comparison with results obtained with other filters, 
the small number bacteria found the filtered water should 
duly taken into consideration, well the percentages reduction. 


Results obtained during the time that grain sulphate 
alumina per gallon was used. 
Rate filtration, 125 000 000 galls. per acre per hours. The 
alkalinity expressed calcium carbonate parts per 000 000. 


! 
Date. water. water. Date. water. water. Date. water. water. 
| 
7.5 2.0 11.5 4.0 14.5 6.5 
“45 { Steri lized 11.5 5.0 14,5 5.5 
beds 12.0 4.5 15.0 5.5 
6.7 1.5 11.0 4.0 14.0 5.0 
7.0 2.0 11.0 4.5 14.5 6.5 
6.7 12.0 2.0 =. 14.5 6.0 
9.0 2.7 11.0 4.5 14.0 6.0 
Apr. 8.5 3.0 8.5 4.7 14.5 6.0 
9.2 2.7 14.0 7.0 14.0 8.0 
9.5 8.2 14.0 7.0 14.0 6.0 
6 | 6.5 14.0 6.0 14.0 7.0 
i os 9 14.5 6.0 14.0 5.0 
11.0 15.0 6.0 14.5 6.0 


Special experiments were made from March 20th 30th and from May 6th. 


TABLE No. EXPERIMENTS. 


Grains per raw filtered than raw raw 
gallon. water. water. water. water. 
March 27th 30th. 0.60 875 98.75 
| | 


Sulphate alumina low grade, containing 17.53% Al, 


Experiments have shown that some species bacteria will multiply 
even distilled water that has been sterilized; and quite possible 
that, should sterilized water applied the filter instead the raw 
water, few bacteria might found the effluent flowed from 
the filter, would probably impossible keep any practical 
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filtering medium, water which had been exposed the atmosphere, 
completely sterile during the process filtration. 

The disadvantage under which the filter has been working 
accordance with the supposition few bacteria may, times, 
grow filter and carried through during the process filtra- 
tion. These few bacteria would, ordinary practice, counted 
among others found, there were such, the filtered water. Now, 
there were 000 bacteria per cubic centimeter raw water, and 
small number per cubic centimeter should grow the filter, they 
might not appreciably affect the percentage reduction, owing 
their being relatively very small comparison with the 
number the raw water. If, however, the number bacteria that 
grow the filter was the same, and there should 200 300 per 
cubic centimeter, for instance, the raw water, instead 000, the 
percentage reduction might affected considerably, the small 
number that grew the filter might bear appreciable proportion 
the 200 300 the raw water. 

The cost operating the filter since was first put service has 
been practically the cost the sulphate alumina used, addi- 
tional labor has been required, other than that already employed the 
pumping station. The cost operating, therefore, based upon grain 
per gallon, and, considering the best grade sulphate alumina used 
during the test, would $2.15 per 000 000 galls. water filtered. 

The total cost the filter plant (shown Plate estimated 
about $11500. the three additional filters, for which the 
filter house was designed, should added, has been mentioned 
previously, the same cost per filter the one which has been in- 
stalled, the cost the completed plant, representing capacity 
000 000 galls. per hours, would about $21 000, the rate 
$10 500 per 000 000 galls. 

The East Providence Water Company more than satisfied with 
the filter plant, and the customers the company are much pleased 


with the filtered water, the appearance which practically the 
same that distilled water. 
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stood that these tests, primarily, were determine the relative 
physical value, under uniform conditions service, the steam 
coals available the Cincinnati market, especially for use the 
City Water Department, and the only way which this could 
accomplished satisfactorily was firing the coals the Department 
boilers the Department firemen. avoid interference with the 
regular daily operation the Water-Works, the Board Adminis- 
tration required that the tests should made the Hunt Street 
Pumping Station, which has all times small surplus power. 
required that the coal should fired boilers which had 
patented appliances especially adapted one class kind coal, 
and that the steam should used performing the daily work 
the pumping station. The author has doubt that the Galloway 
boilers were not the best for all the coals tested, but believes that they 
were the best which could had the Hunt Street Pumping 
Station. With reference the fitness the boilers for this work, Mr. 
Kent evidently has overlooked the following paragraph page 178: 

quite possible that the boilers used these tests were not 
the best for all the coals tested, and that some kinds and grades 
coal suffered accordingly; but that condition which perhaps will 


Continued from August, 1899. Proceedings. See April, 1899, Proceedings, for 
Paper Hill, Am. Soc. E., the subject. 
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always found true, for form boiler and furnace can equally Mr. Hill. 
well adapted every variety bituminous (and semi-bituminous) 
coal, nor could changes made the boiler and furnace, and the 
mode firing, for the different kinds coal, without raising 
suspicion the investigator’s mind that doing would 
favoring one coal the expense another.” 

And page 200: 


Reference the physical efficiencies these coals (Table No. 
indicates that none the coals was giving very high results, 
some, undoubtedly, were worked disadvantage, although the evi- 
dences this were not apparent the time; but high efficiency the 
low-grade coals cannot always attained except furnaces especially 
adapted for them. All the losses heat chimney draft, 
should limited 30% the ultimate heat value the coal; and 
designing boilers and furnaces, due regard should had for the work 
performed and the coal used.” 

the author understands Mr. Kent correctly suggests that these 
different coals should have been tried under different boilers and 
different firemen. Had this been done, would have been impossible 
have formed any correct estimate the influence boilers and fire- 
men the several coals, and would wholly have failed answer the 
question submitted the author the Board Administration. 
Undoubtedly, the proper method for the determination the ultimate 
value each coal would have been test with several kinds 
boilers and furnaces, but this was wholly outside the scope the 
author’s authority opportunities these investigations. 

Mr. Kent seems first commend the internally-fired boilers used 
these trials, and then object them, because the furnace was 
not lined with fire-brick secure better combustion the volatile 
matter the coals. This suggests the fire-box boilers for some kinds 
coals, and boilers with brick furnaces for other kinds coals; but 
since all these coals contained from volatile matter, any 
objection the use the fire-box boilers for the bituminous coals 
will apply, but possibly with less force, when used with semi-bitu- 
minous coals. 

The author must take issue with Mr. Kent with reference the 
rate evaporation used tests. The Galloway boilers, and 
tire-box boilers generally, which have come under the observa- 
tion, have been worked successfully much higher rates than that 
adopted for these tests (5.33 steam per square foot heating 
surface per hour). Indeed, the contract trial (from which some data 
are given page 180), these boilers were worked the rate 7.57 Ibs. 
steam per square foot water-heating surface per hour, from the 
temperature feed water (193° Fahr.) steam 92.8 lbs. gauge, 
rate nearly 50% higher than that adopted the author. Under 
this condition the boilers were said have made, with Pittsburg Nut 
coal, 12.40 lbs. steam from and 212° Fahr. per pound com- 
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bustible. The trial mentioned was made the late Mr. George 
Sellers, Wilmington, Del. 

will observed that, from Mr. Kent’s point view, the coal 
(Pittsburg) used Mr. Sellers, reason its high percentage 
volatile matter, was peculiarly unfitted for fire-box boilers. 

With reference the rate work, the author does not believe 
that these coals should burned lower rates than shown Column 
Tables Nos. 13, 14and 15. fact, since the trials were made, 
has been thought that some the coals were burned too low rate, 
per square foot grate surface per hour, obtain the best effects. 
will remembered that the boilers were worked substantially 
the same rate evaporation per square foot heating surface per 
hour for all coals, and the extreme variation from the average rate 
was, with one exception, within per cent. 

The extreme ground, assumed Mr. Kent, that the boilers were 
indifferent condition, driven too hard, and fired inexperi- 
enced firemen, wholly unwarranted. The boilers were excellent 
condition, regularly cleaned the end each fourth test, and the 
firemen were the best employed the City Water Department, and 
possibly were expert handling these coals any firemen who 
were available for these tests. 

The figures quoted Mr. Kent page 322 not indicate what 
terms variable but indicate the variable quality 
coal from the same dealers, and, presumabiy, from the same mine. 
Variations the quality coal from different sources and 
entries the same mine are well known. fact,in given seam 
coal marked variation heating power may found different 
heights the seam. 

Considering the experimental work Professors Lord and Haas,* 
which shows, the Mahler calorimeter, extreme variations (on com- 
bustible) different samples coal from the same measures, the fol- 
lowing percentages are found: 

Pittsburg coal 
Upper Freeport coal 


Mr. Barrus, from calorimetric tests the same coals (on coal) 
obtained the following percentage variations: 


George’s Creek (Cumberland), coal 
New River coal 


The Acme coal and Coalburg coal are supposed from the same 
seam, and mined miles apart. The difference between these coals 


Loc. cit., page 188. 
Loc. cit., page 188 
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physical tests combustible was 7.7 per cent. Again, the Cedar Mr. Hill. 


Grove and Belmont coals are mined the same parties, the same 
property, the seams being about 340 ft. (vertical) apart. The differ- 
ence between these coals combustible was 4.7 per cent. Part 
these differences may due variable firing, but the larger portion 
due variability the quality the coal from different seams the 
same property, from the same seam widely separated properties. 

Mr. Kent’s comparison the coals from the Pittsburg mines, 
demonstrate his. belief that the firing these tests was variable, not 
altogether fair. The Brown mines and the Woods mine are separated 
about miles, although supposed working the same seam 
coal, and, view the reasonable uniformity the several grades 
coal from the respective mines, the comparison for variable firing 
(upon the assumption, which not true, that the coal uniform 
quality throughout the seam) should made upon the average per- 


formance each coal, thus: 


STEAM PER POUND 
COMBUSTIBLE FROM AND 


Cincinnati, two 9.29 
Monongah (West Virginia), one 9.58 


All these coals are from the Pittsburg measures, and the com- 
bustible the nut and slack good the higher grades coal. 
Upon this showing, the extreme difference the performance, and (by 
Mr. Kent’s method reasoning) variability firing, 3.23%; or, 
the Cincinnati coal omitted, the difference these coals less than 
1.2 per cent. The Cincinnati coal, both and the 
calorimeter, falls distinctly under the other twelve samples from the 
Pittsburg sean. 

The theory that all kinds coal such the author investigated 
will give fairly uniform efficiency any given type boiler, 
novel proposition the author, and scarcely consistent with Mr. 
Kent’s original that these boilers were not well suited 
all the coals tested. Experience has taught the author that the 
physical efficiency given coal will depend very much upon the 
adaptability the boiler and furnace that coal, and variations 
efficiency must anticipated when single type boiler and furnace 
used with different kinds coal. 

Long before these investigations, the author had made many experi- 
ments coals with the Thompson form calorimeter, and had 
studied carefully all the available literature with reference the use 
the Berthelot bomb and other methods proposed for the determina- 
tion the heating power fuels, and reached the conclusion that 
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the heat value any substance had been accurately determined 
any form calorimeter, was that carbon; and the heating value 
pure carbon burning without ash now known, that the Carpenter 
instrument would furnish accurate and reliable results when 
properly standardized the Berthelot any other form bomb, and, 
therefore, adopted for these investigations. 

order check his work well could done from the avail- 
able data, Table No. compiled. From that, with 
coal from given locality, startling differences occur between the 
work the author and that Messrs. Hale and Williams with modi- 
fied form Berthelot bomb; Professor Carpenter with his own 
instrument; and Professors Lord and Haas with the Mahler bomb; 
and these differences are greater than each experimenter probably 
has obtained his own work. 

The author sees greater difficulty standardizing the Carpenter 
calorimeter pure carbon than standardizing the Berthelot bomb 
naphthalene, orany other substance supposed known heat value. 
one case, the heating power pure carbon assumed have been 
accurately determined, and the other case, the heating power 
naphthalene assumed have been accurately determined. 
combustion the coal sample concerned, there reason why 
should not complete and perfect the combustion chamber 
the Carpenter instrument the combustion chamber the bomb; 
nor does appear the author any more difficult account for the 
total heat combustion the Carpenter instrument than the 
Berthelot Mahler bombs. 

The use, excess, pure oxygen under pressure insures perfect 
and complete combustion, thus avoiding the usual loss due imper- 
fect combustion the volatile matter coal, when burned under 
steam boilers, and insuring the presence pure oxygen, the con- 
version all combustible matter into carbon dioxid, sulphuric acid 
and water. using the Carpenter instrument, not convenient 
collect the nitric acid obtained from the substance burned nitrogen 
present, nor this necessary, because the heat liberated con- 
verting the nitrogen into nitric acid seldom exceeds one-third 
the total heat the substance. 

The advantage the Carpenter over all other forms coal calori- 
meter its simplicity form and operation, and the readiness 
with which the notes may reduced, thus avoiding the possible errors 
complicated apparatus and tedious computation. 

reply Mr. Kent’s remark under Table No. 29, that one 
instance (Cincinnati Pool coal) the author’s calorimetric work not 
entitled credit, Table No. 31, comparing the results obtained the 
author, with the results obtained from the same kinds coals Pro- 
fessors Lord and Haas, and Professor Carpenter offered. 


Mr. Hill. 


AUTHOR. AND Haas. 


CARPENTER. 


133 906 094 


Pocahontas..... net 15 456 15 750 15 87 


Average Hocking Valley and Jackson coals. 
Hocking Valley coal. 

The author does not know whether Mr. Kent considers the calori- 
work the other investigators entitled credit, but 
does, seems that the differences heating value the parallel coals 
tested are not large suggest grave errors the author’s work. 
The extreme difference the work the Pittsburg (Penn- 
sylvania) coals, physical tests, and calorimeter (on 
combustible) which seems indicate that Mr. Kent has made 
mistake rejecting the calorimetric valu: Pittsburg-Cincinnati coal 
his Table No. 29. 

may observed passing, that, Table No. 29, Mr. Kent does not 
attempt fit his curve tothe Ohio coals having nearly the same percent- 
age fixed carbon the net combustible the Pittsburg some 
the Kanawha coals, doubtless for the reasons which gives 

The heats given Mr. Kent’s curve for semi-bituminous coals 
containing about fixed carbon the combustible, agree well 
with the results obtained the calorimeter, but, for coals much lower 
fixed carbon, the differences are too great admit using the curve 
for either practical scientific purposes. 

For more than century has been held that the heating value 
bituminous and semi-bituminous coals was directly proportional 
the percentage fixed carbon the combustible matter, although 
there limit the application this theory, because well 
known that the heat energy per unit weight less for the anthra- 
cite coals than for the semi-bituminous coals, like New River, Cum- 
berland and Pocahontas, and point reached the ratio the 
fixed carbon volatile matter which indicates the highest heat value 
theoretically attainable coal. Above this point ratio fixed 
carbon volatile matter, the thermal value the coal declines until 
reaches pure carbon, with heating value per 
pound, below this the heating value declines increasing ratio 
until the low value 200 per pound reached, with 
combustible which 50% fixed carbon volatile matter. 


Pocahonta 
: 
) 
bs 
Ss 
e 
ie 


Mr. Hill. 


538 DISCUSSION TESTS STEAM COALS. [Papers. 


The author does not share Mr. Bryan’s fear that serious errors the 
amount coal charged each trial, respectively, might have arisen 
from the method starting and stopping the trials, considering that 
each the four furnaces was fired from four five times per hour. 
all the furnaces had been charged with green coal just before trial 
was started, and the grates left bare the end the trial, the maxi- 
mum error the coal charged would have been but with the 
fires each the four grates burned down the lowest point, 
while maintaining the steam pressure the beginning and end 
each trial, the probable error the weight coal charged must have 
been much less than the usual errors observation. During the last 
minutes, just before starting and stopping each trial, the firemen 
were under constant supervision, order avoid excess defici- 
ency coal the grates, while maintaining the steam pressure and 
the speed the pumping engine.* 

Considering the temperature which the feed-water was neces- 
sity the meters seem the best device for the purpose. 
Under other conditions than those described the paper, the author 
agrees with Mr. Bryan that preferable weigh the water the 
boilers. 

With reference cleaning the boilers before Trial No. the paper 
neglects state that the boilers were cleaned inside and out, and the 
grates and bridge-wall thoroughly overhauled and made equal new. 

view the relative value New River and Pocahontas coals, 
singular that the Navy Department has not accorded the former coal 
the rating which deserves. The author understands, 
that New River coal rated 90, Pocahontas coal being taken the 
standard 100; while, fact, under the steam boilers physical 
test, and upon the heating value both coal and combustible, New 
River coal possesses slight advantage over Pocahontas coal, and 
should rated high the latter. 

burning all coals under steam boilers, only fraction the total 
heat goes into the water the boilers. The remainder, which lost 
for useful effect, represented the heat required produce 
chimney draft, evaporation moisture the air which passes 
through the furnaces and boilers, evaporation the moisture 
the coal, the latent heat the gases combustion, and radia- 
tion and conduction heat from the exposed surfaces furnaces and 
boilers. Notes sufficient show the losses heat detail were not 
taken during these tests, nor was the time thought necessary, be- 
cause all the coals were burned the same boilers, the same fire- 
men, and under uniform conditions practice, and with compara- 
tive” rather than effects view. 

Refer paragraph bottom page 147 and top page 148. 
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Discussion.* 


Am. Soc. E.—The author’s experiments 
upon the impact falling weights, recorded the table page 
286, having been made with spring-balance, the observed results were 
the resistances the spring-balance, exerted through unrecorded dis- 
tances retardation the falling weights, and therefore the ap- 
paratus had happened different degree sensitiveness the 
values would necessarily have been correspondingly different; conse- 
quently the results could not taken the absolute values impact 
the falling weights, arrive which would necessary de- 
termine accurately, not only the resistances developed, but also the dis- 
tances retardation. The experiments, therefore, could not ac- 
cepted establishing, even practically, the author’s claim, upon which 
bases his formula. For, whatever the weight the impinging body, 
the velocity the impact, there is, every case, finite amount 
work yielded upon the opposing resistances; there every 
such case certain mean resistance overcome through certain 
discussion (of the paper Charles Haswell, Soc. E., printed 
the Proceedings for May, 1899) printed Proceedings order that the views 


expressed may brought before all members the Society for further discussion. 
(See rules for publication, Proceedings, Vol. xxv, 
Communications this subject received prior October 20th. 1899, will printed 


later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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space the which that resistance acts, which resistance 


and space are such that and therefore, the space 


exeeedingly small compared with there will exceed- 
ingly great resistance overcome through that small space, and vice 
versa. Taking the values the the table, find 
that the corresponding values inches, are respectively 0.375, 
0.410 and 0.461. Thus apparent that, had the apparatus been 
constructed weigh with less movement, the recorded impact might 
have been very much higher; also, that the movement the apparatus 
analogous pile penetration about ins. under 20-ft. fall 
the ram, the first case given, but only about ins. the third 
ease, which shows the influence the friction and lost motion the 
apparatus. 

Mr. Haswell’s formula, presented, limited penetration 
in., and would interesting know what provision the 
author intended made cases where the observed penetra- 
tion the driven pile exceeded that amount, such cases, 
the speaker’s experience, constituted the real test reliability 
and usefulness pile-driving formula. The ideal formula, 
and the practical one well, should contain within itself the 
elements application all the cases usually met with 
practice, and that account, well upon others, the speaker 
considered the Wellington form formula preferable that Mr. 
Haswell. 

The author has condemned the Wellington formula, including 
with those which are arbitrary and variance with accepted rules, 
and specifically because presents the exceptional condition the 
weight being multiplied twice the height the fall,” claiming that 
the true formula should founded upon the actual vis viva body 
falling freely, represented its velocity, Thisisa 
misconception, both the fact and the theory vis viva. The 
vis viva body falling freely being Mv’, and being the height 
through which the body must fall acquire the velocity, 2gh; 


mulated body falling freely, available for extraneous effect, 
expressed half the vis viva, and always equal the simple 
product its weight multiplied the distance through which 
has fallen. This effect may expressed foot-pounds, inch- 
pounds, half-inch-pounds, any other combination weight 
and fall, but can never any possibility exceed itself, and 


immutable feature the laws falling bodies applicable all 
heights. 
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Vis viva, according 

Does not represent pressure, force, but the numerical equiva- 
lent the product certain number units pressure and certain 
number units path. The one magnitude being 
different order from the other different from line, and 
therefore having common unit measure.” 

Impact and vis viva are thus totally different things. What 
enables the descending ram drive the pile the energy stored 
therein, but not all that energy available for the purpose, half 
being required maintain the movement the ram. That which 
available known the accumulated work, expended upon the 
sum the resistances offered the pile. 

the Wellington formula the principle accumulated work 
the basis; expressed inch-pounds, but contains silent 
factor safety and, as, for convenience, given feet, 
denominator the measure resistance developed the pile, 
indicated its penetration under the last blow, 
also expressed inch terms. Were not for the presence 
resistances the pile-driving machine, and other causes tending 
oppose the driving the pile. would the full measure the 
net resistance, and the quotient would that resistance; but these 
various unmeasured opposing forces must taken into considera- 
tion, and they are represented the constant quantity, the 


Mr. Crowell. 


denominator. 
Thus have the derivation the Wellington formula, 
2Wh 
Comparing this with Mr. Haswell’s formula, which 
Safe Load 


perceive that for the penetration, which the latter applies, 


differing only the factors safety. say, with the same 
actual factor safety the results for the two formulas would identical 
for the assumed fall ft. 

The assumed factor safety the Wellington formula while 
the assumed factor the Haswell only 4}; actually, the above 


Wellington expression gives 21.333 and the Haswell 
28.444 


Mosely’s Mechanics Engineering, 589. 
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The two will found give absolutely the same working result 
with fall 28.45 ft. study the diagram, Fig. the char- 
acteristic plottings the respective formulas may The 
Haswell formula the equation parabola and Wellington’s 
straight line; the abscissas are the heights fall the ram and the 
vertical ordinates the safe loads expressed units ram weight. 


LOADINGS: SCALE OF RAM UNITS: 


10 


10’ 20' 30/ 
SCALE OF FALL OF RAM 


= 


will noted that for low falls the Haswell formula gives relatively 
great safe loads and for high falls relatively smaller loads. 
Considering that the highest value given the Wellington line has 
vantage the drop the Haswell curve the higher falls. the 


j 
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other hand the exceeding great values, relatively, given for the Mr. Crowell. 


low falls show its inconsistency and the danger its use the inex- 
perienced. will seen that for fall only ft. the indicated 
safe load one-third great that indicated for fall ft., nine 
times great. 

The lower the two inclined straight lines the diagram in- 
troduced show the Wellington values when the penetration in. 
will observed that the margin safety somewhat decreased, 
that, strictly, the supplementary quantity the divisor should not 
constant, but variable, was pointed out the speaker inthe 
discussion his own paper this subject, presented before the 
Society several years ago.* There can question, however, that 
for ordinary penetrations occurring practice the Wellington formula 
amply safe and, the speaker’s opinion, its simplicity and ready 
applicability entitle preference. 

SHERMAN Am. Soc. E.—It needless say that, 
the writer’s opinion, this paper has great practical value. The long 
experience the author the kind work described, and his 
mature judgment, give importance his utterances. exposes 
the vast array irrelevant elements introduced many authorities 
into problem which, from its nature, does not admit mathemati- 
cal refinement, and presents formula which, the writer’s opinion, 
has much recommend it. Its chief peculiarity assuming the 
constant value for the final set, instead varying one. 
That say, his formula assumes what amounts practically 
the absence further penetration after the last blow 
the hammer. 

The problem which confronts pile-driving formulas, find 
the true relation between the effect the sudden impact falling 
heavy body, and the steady pressure quiescent one. such 
relation has yet been discovered, and all that can done seek 
empirical expression which will safe, practical guide. The 
formula quoted the author Wellington’s,” probably the one 
has most endeared itself American engineers from its sim- 
plicity and generally safe results. Its denominator binomial 
expression containing the variable set the pile, its final penetra- 
tion, plus unity. this form relieved the absurd results 
which would otherwise ensue from taking very small values for the 
set, which absurdity would reach its climax should assume abso- 
lute, zero set, when the formula would give infinite bearing 
capacity the pile, matter how light the hammer how low the 


fall. This impossible result avoided using the denomi- 
nator. 


Uniform Practice Transactions, Am. Soc. E., Vol. xxvii, pp. 
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Wellington’s formula, however, like all others recognizing move- 
ment set the pile under the last blow, fails meet the require- 
ments the problem. merely the statement the equality 
between the work stored heavy body falling through certain 
height, and force, called the moving through relatively 
short distance called the There quiescent pressure 
involved, nor can there be. Work the hammer can only offset 
work the pile, and work implies movement and not rest. The 
not, therefore, according these formulas, the steady 
pressure that the pile could bear the moment receiving the last 
blow, but the equivalent pressure which would that moment force 
the pile down the distance the final set. 

After receiving the blow may assumed, empirical princi- 
ples, that the pile could bear that weight without any further move- 
ment. 

These considerations appear the writer meet the question: 
What formula can used sufely the case set considerable 
amount, ins., for The answer appears him be: 
None all. considers that, order use any formula success- 
fully, the piles, all cases, should driven final set not more 
ins. under the hammer, then, apply formula, the weight fall 
should reduced until only in. set produced, and its bearing 
capacity then calculated whatever formula may preferred. 
the final set taken in., then Wellington’s formula reduces 
Wh. 

regard the Wellington formula, which the writer has always 
been inclined favor the above modified form, must under- 
stood distinctly that, like all empirical expressions, its use applies 
only very restricted range variation, such ordinarily met 
practical pile-driving. That say, not taken asa 
general proposition applied mechanics. regard it, 
shall involved the practical absurdity admitting the effect 
upon the pile the same whetber hammer and 000 ft. 
fall were used, 000 hammer and 9.01 ft. fall. 

specifications called for hammer weighing 000 lbs. and fall 
ft., giving 000 foot-pounds, and were found that only 
hammer were available, might, under the circumstances, 
admissible use the lighter weight with 27-ft. drop, but not one 
000 and 40-ft. drop, the effect which would quite differ- 
ent from that intended. 

Mr. Haswell uses the square root the height, instead the 
height itself, hisformula. The writer inclined believe that this 
correct, regards the work practically done the hammer, and 
with the distinct understanding the formula applies, like the 
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Wellington, only comparatively small differences fall. The Mr. Gould. 


formula also contains factor safety, varying from Taking 


the higher value, and using round numbers, will seen that Mr. 
Haswell’s formula 


L=5 


which the safe ultimate load, expressed the same unit the 
weight the hammer. 
has already been shown that Wellington’s formula, for inch 
refusal, reduces 


Within the ordinary range height fall and admitting refusal 
in. both, the two will not differ very widely, and the writer in- 
clined believe that Mr. Haswell correct minimizing the effect 
height, particularly this tends encourage the use heavy 
hammers and low drops. 

The whole subject pile-driving one judgment rather than 
mathematics. Mr. Conte has mentioned some the curious 
changes the set pile brought about time, according the 
character the ground penetrated. seems, however, hardly worth 
while consider the case such materials sand, gravel hard- 
pan. Generally, when such hard formations are reached, pile-driving 
stopped and case bearing piles presented. Soft material 
under above water what are most concerned with, and 
matter common observation that piles driven such material 
become bound skin friction, that, after hours repose, their 
refusal becomes much greater than during the original driving. This 
seems true marked degree the case jetted piles. 
such material piles should sent down rapidly possible con- 
tinuous volley quick blows. This would work with our 
formulas, unless the pile driver were sent back again next day test 
the piles for final set; but the practical result would superior. 


experiments Brooklyn have been published many papers. One 
his conclusions is, that the effect increasing the fall the ram 
increase the sustaining power the pile the ratio the square 
root the fall. 

Another conclusion was, that adding the weight the ram the 
sustaining power the pile was increased the amount 
used the ratio the augmented weight the ram. 

result Mr. Haswell’s experiments with 1-lb. weights, 
presents formula for the safe bearing power pile, terms the 
weight and fall the hammer, assumed penetration in. less 
(which does not appear separately) and factor safety. other 
instances, this safe load found varying directly with and 
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function and inversely and there seems new term 
added make the formula distinctive. 

Passing from the question, whether the experiments have been 
interpreted properly, the general question the application 
formula common practice, there seems the necessity defin- 
ing, far possible, the limit the reliability any formula. 

All that can claimed for any formula for the safe load pile 
governed the condition the ground the time driving. 

follow the career pile after the formula has left it, 
enter into the domain history, and question how far into 
history care go. wish short-time tests, say week, 
year, may arrive certain conclusions. wish long-time 
tests, say years, may arrive certain other conclusions, 
our successors may. But formula only neat expression for 
very short-time test indeed, and the emphasis, the present time, 
should placed the deleterious action long-time, and more 
less continuous, forces. 

For instance, takethe movement railroad train near building. 
The speaker has sat frame house 000 ft. from the track, and has 
been astonished many time the noise made the structure, due 
the vibration transferred through dry loamy soil the masonry 
foundations, and thence the top story. 

Again, another example factory Fort Point Channel, Boston, 
which the movements the piles are seen plainly when the machinery 
isin motion. long pendulum set inside the building chron- 
icle the changes. The building new, and the blue clay pretty 
reliable, and, therefore, the settlement, far, has been slight. 

going into foundation, without, perhaps, being able find the 
man who figured the exact thickness required. the light these 
principles, and with pile foundation, muy not altogether waste 
money. 

Then, water another long-time agent, not only convey 
lubricants the pile, but move the adjacent soil perhaps laterally. 

The matter incident decay, too, the widest interest. 
involves knowledge the proper elevation above low water which 
off the pile limit the grillage different soils and for dif- 
ferent purposes. The determination this limit still the experi- 
mental stage, and depending the years umpire opinions. 

Then another point, beyond the reach the formula, the relative 
supporting power one pile, and mass piles; the relative 
supporting power small and large surface. This also 
experimental stage. 

Meanwhile, the pile, with its never-sleeping load, takes advantage 
any errors judgment the part the engineer, and slips down and 
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down and never rights itself. 
nent, the emphasis should the long-time experiments. 

eriments the ultimate, any kind, are rare, and may 
the proper time say that scarcely creditable the profession. 
Recently, room full engineers, the question was asked ulti- 
mate experiments, and there was answer. 


The profession indebted Mr. Haswell for again bringing this 
condition things its attention. 


interested this subject, and pleased with the manner which 
presented. The author correct his criticism existing formu- 
las. The true cause for this extraordinary discrepancy computed 
results, determined standard formulas, traced the fun- 
damental fallacy assuming that the resistance the soil the 
penetration the pile constant, for any given depth, during the time 
the pile being driven, and that this condition remains constant after 
the pile driven. Both assumptions are absolutely untenable. 
Hence the writer has considered the problem being largely beyond 
the reach mathematical formulas which demand rigid facts 
foundation, and this rigidity does The following notes, based 
personal experience, will show the absurdity relying upon 
the computed results obtained from the use the ordinary standard 
formulas. 

Case Sandy Soils.—Soon after driving begins, cone resist- 
ance forms and near the foot the pile, and the material comprisiag 
this cone becomes more and more compressed the pile descends, the 
penetration each blow becoming less and less until reaches final 
minimum, of, say, 0.5 in., when the driving completed. Now, wait 
hours more, and, way experiment, begin driving second 
time. will observed that the same pile now penetrates 
ins. the first blow. What does this mean? simply means 
that the compressed material surrounding the pile has had timeto dissi- 
pate, readjust itself, that the soil has resumed its normal condition, 
such existed before any driving was done. would appear, there- 
fore, that, sandy soil, the penetration the last blow very 
dangerous and misleading element figure on, for the reason that 
dependent upon temporary, abnormally compressed condition 
the soil, which always short-lived, and cannot depended upon 
function any formula. evident that, sandy soil, 
the Dutch formula, pro rata number blows, is, for obvious rea- 
sons, preferable the final-penetration formulas. 

Plastic Muds and Clays.—The physical conditions are entirely 
different from those true that the penetration each 
successive blow becomes less and less until the driving completed, 
that the last blow being, say, ins. Now, before, wait hours 
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more and begin driving the same pile second time. will 
found that the hammer, after repeated blows, cannot start the pile 
all. case, then, the penetration the last blow, ins., 
index whatever what load the pile will withstand. The blow 
necessary start the pile after standing rest for hours 
the better test. This curious physical property the plastic muds 
and clays has been properly likened the similar results obtained 
forcing pin into solid india-rubber ball. The same force which 
pushed will pull out again pulled out immediately; but, 
after waiting hours, the force required will five times great. 

Case and Sandy Clays.—In this material the most per- 
plexing results all are found. The writer has never seen any 
two hardpans which developed the same results. The ultimate result 
not only upon the percentage clay and sand the hardpan, 
but also upon the solubility the clay when brought into contact with 
the local ground-water. Where piles are driven through ground-water 
overlying hardpan, the water invariably follows each pile down 
penetrates the ground, and softens the clay contact with the surface 
the pile, and often practically destroys all lateral friction. such 
cases the only point support the end the pile, and the over- 
head load will supported cluster columns (piles), the heights 
which are equal the length the piles. 

Finally, there doubt about the fact that the best way test 
the bearing power piles, any given ground, drive experi- 
mental piles the required depth, then load them with pig-iron and 
observe the effects after long standing, and thus find trial their ulti- 
mate resistance. This not always practicable, which case the next 
best way drive experimental piles the depth required specified, 
then let them rest for hours more and drive them second time, 
and note the drop the hammer necessary start the pile and the 
first penetration inches. The results thus obtained represent more 
nearly the resistance the soil its normal condition. 
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much careful study and research, while the tabulated results add very 
materially its value. The writer will confine his remarks the 
economic features construction applied the covering reser- 
voirs and filters general. 

The masonry coverings considered the author are extremely 
pleasing the eye and are highly satisfactory every respect except 
cost. There are many modern designs for masonry coverings, 
composed concrete and iron tie-bars combined, which are equally 
durable, strong and efficient, take less space inside and are cheaper 
and better every way. Taking the author’s limiting planes, for 
volumetric comparison, the modern designs with span ft. and 
thickness only ft. would require about 0.70 cu. ft. Portland 
cement concrete per superficial foot roof covering, and the expense 
would not exceed cents per foot; the spandrels were not filled 
with masonry, the cost would not more than cents per superficial 


*This discussion (of the paper Leonard Metcalf, Assoc. Am. Soc. E., 
printed Proceedings for April, printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 
(See rules for publication, Proceedings, Vol. xxv, 71. 

Communications this subject received prior October 20th, 1899, will printed 


later number Proceedings, and subsequently the whole discussion will pub- 
lished Transactions. 
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foot roofing. Roughly speaking, 1000 cu. ft. good Portland 
cement concrete are enough for 1875 sq. ft. covering. Hence, the 
writer thinks that, course time, financial reasons, more than any 
others, will drive groined arches from the field competition. 


remarks that all the examples the groined arch engineering 
structures that have come his knowledge are the United States. 
These applications are not new Europe, however. 1863-65 Mr. 
Belgrand built the reservoirs Menilmontant and Belleville Paris, 
both two stories. The lower story covered with semi-circular 
groined arches ft. clear span piers ft. square. The 
arches are ins. thick the crown, and are leveled with masonry. 
The upper reservoir covered with groined arches ft. span, 
and ft. rise; the arches being formed two thicknesses tile 
laid cement, breaking joint. Their total thickness less than 
3ins. Upon this, ins. earth and sod are laid. 

Ten more years later, the reservoir Montsouris was built 
the same way. The lower reservoir covered with groined arches 
rubble masonry ins. thick the crown; the haunches being filled 
with concrete masonry. The upper reservoir covered series 
groined arches less than ins. thick, spans ft., with rise 
ft. 8ins. This thin arching the method, recently 
introduced into America the architects. The writer has not investi- 
gated the origin this system arching applied reservoirs, 
which has been used others than Belgrand, and other places. 
The method much older. TheChurch St. Eugene 
(Paris), 1854, was ceiled and roofed with Gothic ribs iron, the 
arched surfaces between the ribs being tiles laid flat, cement. 

The upper reaches the Canal St. Martin, Paris, rest upon 
gypsum. The material places has been dissolved out from under 
two the upper locks and from one short level, the filtration 
water from the canal and from the Basin Villette. These have 
been repaired means piers sunk ft. and ft. solid ground, 


and from them spring groined arches brick rubble form the 
floor. 
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Discussion.* 


Mr. Curtis certainly have much value, not, perhaps, for any 
conclusions adduced, that can adduced, much for giving 

résumé the question timber preserving from the time the 
report the Committee this Society 1885 the present time. 
That this article isresulting awakening the importance this 
matter seems justify its preparation and the great amount labor 
and care required, and hoped that something more than 
thanks will accorded. 

The pressing needs the day for cross-ties supply the waste 
existing railroads and for new lines has called attention sharply 
the necessity some method preventing the rapid depletion 
the available stock timber, particularly few American railroads 
are yet prepared resort metal ties. 

The discussion this matter, both this case and generally, 
somewhat confusing, but probably pertinent and worthy consid- 
eration. extricate ourselves from this, however, and place our- 
selves something like solid ground, are inclined fall back 
experience and give some the conclusions derived therefrom. 

came into the province the writer 1885, placed 
charge the works then just completed Las Vegas, Mex., 


Continued from August, 1899, See April, 1899, Proceedings for Paper 
Curtis, Am. Soc. E., the subject. 
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Mr. Rowe. position which was imperative make close study the phil- 


osophy, the practical workings, the methods used, the nature the 
chemicals, well thorough analysis the results attained. The 
Wellhouse patent process was used, and this 
study the aid Chanute, Am. E., and the late Joseph 
Card, Assoc. Am. Soc. E., was availed of; they being owners 
the then existing patents the process. unnecessary say 
that the conclusions there reached were and are still much value, 
for revision any extent having arisen. 

pleasure read the contribution Mr. Noyes, reference 
these works, and very desirable that more such men enter 
the add the number careful observers. 

not deemed necessary desirable deeply into this dis- 
cussion the present time, and the writer will confine his remarks 
general survey the practical points the situation and 
the importance educating practical operators, whom there are 
too few. 

should not place particular stress the process used, whether 
the Burnett, the the creosote process, the appli- 
ances and methods being quite similar, but correct and efficacious 
methods, the main point being get the absorption proper 
amount chemicals, rather prepare the timber for it. 
this, thorough knowledge the absorptive qualities the timber 
treated, density, dryness, etc., must had, after which 
judgment and discretion, with some degree practical experience, 
will the best guides. 

regard the question securing any desired degree absorp- 
tion, depends the density the timber; but the effectiveness 
the process used (steaming the vacuum), there little question. 
natural absorption, that is, soaking immersing water, 
would require, under the most favorable circumstances, some thirty 
days absorb much will injected this method few 
hours (five six altogether). 

should remembered, too, that the amount chemicals, 
antiseptics, has not all with the results, neither can super- 
abundance the chemical relied upon make amends for lack 
judgment respect other parts the treatment. The overplus 
above that which long experience and trial the track has shown 
necessary worse than money thrown away. The saying the 
Hoosier While yer gittin git plenty,” will hardly 
hold this case. 

The question choosing open-grained timber some extent 
misleading, the writer’s observations for the last years lead him 


believe that the expression better the timber, the better the 


tie,” the main true, the fact remaining that many the timbers 
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now deemed worthless for this purpose, may made lasting and Mr, Rowe. 


serviceable. 

The mention small ties, ins., deserves notice. sawed tie 
less than ins. can rational grounds defended. 

The degree drying which tie should have should sufficient 
relieve the wood least half its water; the time required 
this depending climate, moisture and other conditions which vary 
different parts the country. There may exceptions 
this with timbers which have not yet come under the writer’s notice. 

writer were permitted, would say the railroad manager, 
that many cases such plant, equipped and operated, would prove 
much advantage repair shop, and should have the same 
attention and care; the manager the works being educated this 
particular line and equally well paid the master-mechanic his 
repair shop. man can prepared for this without close contact 
with the practical part the work and close study its operation. 

example this, one the largest railroad systems the 
United States, put aside all theories and speculations particular 
methods and took the tangible results shown the financial sheets 
cost maintenance, viz., reduction renewals from over 20% 
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Mr. Rafter. Am. Soc. E.—The author desires 
express satisfaction the appreciative discussion the paper. That 
there important place the literature concrete for paper 
this character well indicated the remark Mr. Fowler 


Many writers this subject have assumed that every concrete, 
matter what the proportions may be, has simply yard broken 
stone, without regard the fact that there more less mortar 
different 


The author has been greatly surprised, looking over the literature 
concrete, see how far this fallacy has been accepted. has also 
been matter surprise find nearly absolute dearth definite in- 
formation the amount mortar and concrete produced defi- 
nite proportions cement, sand and broken stone, well the unit 
weight the resultant concrete. 

This paper, taken connection with the more extended informa- 
tion given the report the State Engineer and Surveyor New 
York, attempt supply, some slight degree, what appears, 
after study the question, very material deficiency. The 
results are, however, unsatisfactory the author this particular 
that, having laid out the plan work, special study the data 
was made until about two years after the completion the tests. This 
was mistake. The data should have been tabulated and studied 


Continued from August, 1899, Proceedings. See April, 1899, Proceedings, for Paper 
Rafter, Am. Soc. E., the subject. 


| 
| | 
4 
— 


| 


from day day during the progress the tests. Hadthis been done, Mr. Rafter. 


there seems doubt that some the irregularities the 
results could have been eliminated. 

The subject extremely complicated, many apparently insignificant 
elements entering detract from the strict, scientific accuracy 
the results. The more especially this true, the present case, 
where attempt has been made keep the results practical lines 
purely, using only such methods could applied practice 
work, without adding unduly the cost concrete. However, tak- 
ing this latter condition into account, the author reiterates the view 
expressed the paper, that the results are very good. 

Occasion taken this place especially call the attention 
those participating the discussion, that the results these tests 
are given great detail the annual report the State Engineer 
and Surveyor New York for 1897.* The results previous set 
tests made 1893 are given the annual report the State Engineer 
for 1894. Reference all these reports should made anyone 
wishing full data. 

regards mixing concrete, either hand machinery, the 
author’s experience that with proper supervision, good concrete can 
obtained either method. remarked Mr. Tillson, the diffi- 
culty hand mixing insure thorough work. this point the 
author has found that drilling gang laborers work strictly 
according formula, performing each operation the same way, 
every time, there little difficulty about securing fairly uniform 
results hand mixing. Nevertheless, the author’s opinion that 
proper machine mixing preferable, leading uniformity 
product which, while possible attain hand mixing, still some- 
what difficult. way, the author agrees, therefore, with 
the statement Mr. Gould, that hand-made concrete, using the 
same proportions, can equa] machine-made product, because the 
thorough way which the machine churns the entire mass. 

The tests show that dry concrete considerably stronger than that 
made with excess water. stated the report the State Engi- 
neer and Surveyor, the author’s experience has taught him that the 
only way which dry concrete can safely used, especially warm 
weather, wet the surface thoroughly soon the ramming has 
been completed, and keep the surface wet until after the completion 
the setting. This procedure will likely prevent the formation 
the partings between successive beds referred Mr. Gould. The 
author, however, does not intend insistent the use dry 
concrete, but rather presents the results these tests for comment 
and professional criticism. is, nevertheless, well satisfied that dry 
concrete, with the mortar comprising 40% the aggregate material, 


See also Report Tests Metals and other Watertown Arsenal, for 
1898, where may found, also, results other concrete tests. 
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Mr. Rafter. can made practically water-tight. recent work with concrete 


this composition, dam has been constructed, which, with one ex- 
ception, shows absolutely moisture the face. The one exception 
two pin holes, both within area sq. ft. Their presence can 
only taken indicate careless work—for the moment, evidently, 
vigilance was relaxed—but this single exception can hardly taken 
proving the inapplicability dry concrete. any case, 
certain that plastic and excess concretes can used much more 
easily than dry, and the practical question is, after all, whether the 
gain strength enough compensate for the increased chance 
poor work. 

ultimate strength, seems certain that time great 
eliminator the differences between dry, plastic and excess concretes, 
the tendency being undoubtedly show less and less difference 
ultimate strength with increase age. 

The concrete blocks here discussed were made between July 10th 
and September 5th, 1896. They were broken between January 29th 
and May 10th, 1898. The ages the blocks, therefore, varied from 
about 670 about 570 days. The exact age each block may 
obtained reference Table No. the report the State Engi- 
neer and Surveyor, the annual report for 1897. 

One important point which the author had mind making 
these tests was show that, for many purposes, the formulas 
common use give concretes which are unnecessarily expensive. Thus, 
for foundations which are entirely under water there object, 
far the author can see, spending the money necessary make 
absolutely impervious concrete. For such work 33% 
concrete apparently sufficient. The same also true retaining 
walls, for which concrete now used extensively, and through which 
weep holes can left, thus insuring that water will not penetrate 
any considerable distance into 30% concrete, and which may, the 
author well aware, contain slight percentage voids. 

Where water-tight work required, the mortar may made from 
45% the aggregate. using different sized stone for the ag- 
gregate, there seems doubt that 42% mortar will 
make practically water-tight material. The author says practically 
water-tight, because the quality the mortar will, some degree, 
decide absolute water-tightness. 

the original tests 1893, the ratio broken stone mortar was 
made mostly 42%, few blocks having been fabricated with the ratio 
per cent. These blocks were all broken under the author’s per- 
sonal supervision, and none the 42% blocks exhibited any voids 
visible the eye. They were, the best sense the word, solid 
blocks. Blocks and 33%, however, exhibit some voids, the 
greatest difficulty with such concretes being make them absolutely 
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fill out all the voids next the forms. 
however, very easily corrected using somewhat larger proportion 
mortar next the forms, has frequently been done with good 
success work. 

the series tests made 1896, and which are here specially 
considered, the author unable say whether there were any 
appreciable voids the 33% concretes, but from his experience with 
the concretes made 1893, would disposed say that the 
voids were very small, especially the plastic and excess concretes. 
Under this head may pointed out that the effect ramming 
decrease the voids. This was strongly brought out series tests 
which was found that the Portage stone, broken pass through 
2-in. ring, when slightly shaken the measure, gave, mean 
five trials, 43.3% voids. The same stone packed measure with 
tamping iron, used about forcibly the ordinary ramming con- 
crete, gave, mean five trials, voids. tests the air 
was driven out the voids entirely. 

The author has little doubt that, with the lubrication the mortar, 
the voids are reduced, under thorough ramming, not much more 
than about per cent. from this point view that decided 
use 33% mortar the tests herein discussed, that quantity 
mortar being enough just about insure filling the interspaces the 
stone. Such concrete will not, however, absolutely water-tight. 

the same way the excess mortar 40% concrete was considered 
large enough insure practical water-tightness. possible, 
however, that slightly larger proportions than the foregoing should, 
some cases, used. the other hand, selecting aggregate ma- 
terials different sizes, thus reducing the proportion voids, 
believed that the proportions and 40% fairly meet the great 
majority cases. 

Mr. Conrow points out that the average ratios strength are, for 
concretes with dry mortars, 29.1; plastic, 26.6; excess, 25.3; based 
the average ten tests. From these figures deduces that dry 
concrete about 15% stronger than wet. his experiments 
relative cost laying wet concrete versus dry concrete, that 
wet concrete could fabricated cost for labor yard, dry 
concrete costing, with other conditions the same, $2.12 yard. This 
for hand labor. The author’s experience that for machine-mixed 
concrete, aside from ramming, the cost will greater for dry than 
for wet. average, the ramming dry concrete will cost cents 
per yard more than for wet. 

Mr. Hazen’s discussion the conditions involved the determina- 
tion voids, and the weight concrete, illustrates forcibly how 
far are from appreciating the practical considerations taken 
into account making concrete, especially when the subject 


This difficulty which is, Mr. Rafter. 
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Mr. Rafter. approached from the theoretical point view purely. However, 
determining the voids, the use the method outlined Mr. Hazen 
seems the author give results too large. Independent its lack 
applicability out work, the author believes that the displacement 
method determining voids for clean material, much the better. 
knowledge the interstices the aggregate material ballast 
wanted and not, any degree, the porosity the material. The 
author does not wish understood, however, saying that informa- 
tion the porosity aggregate material may not importance, 
the more especially since such information very necessary order 
decide between different samples. His point is, that, regards con- 
crete mixtures, what wanted the volume the interspaces between 
the stones, independent the porosity. sandstones and 
other aggregates are often quite porous, and the method specific 
gravities apparently takes into account this porosity. Limestones 
sometimes absorb their weight water, and sandstones much 
while broken brick may absorb per cent. fair averages, 
may take limestone 3%, sandstone 4%, and broken brick per 
cent. The most practical way proceed first thoroughly wet the 
broken stone and allow drain before placing the measure. 
Water should then poured slowly and one corner the 
measure, thereby insuring the driving out the air. For sand, absorp- 
tion into the pores small that may neglected, but im- 
portant pour the water slowly and one corner the measuring 
box. This procedure applies clean sand. sand contain- 
ing much vegetable mould other foreign matter, Mr. Hazen’s 
remarks the uncertainty the displacement method apply 
forcibly. regards the penetration water into the pores the 
aggregate material, may remembered that the smearing the 
broken stone with mortar tends seal the pores properly-made 
concrete, thus preventing the ingress any considerable amount 
water. any case, taking into account the porosity the aggregate 
material misleading refinement. 

There reason why, with care, any ordinarily intelligent fore- 
man cannot, the foregoing simple method, determine quickly the 
voids aggregate material and clean sand, often required, and 
well within any limit accuracy needed for proportioning concrete. 

Reference has already been made the original series tests 
1893, and which are reported upon the annual report the State 
Engineer and Surveyor for weights the 42% blocks fabri- 
cated that time ranged from about 145 lbs. per cubic foot about 
the mortar, blocks with mortar being heavier than those 
42%, weighed from 150 160 lbs. The tests the series are, 
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however, unsatisfactory this, that the exact dimensions the blocks Mr. Rafter. 
were not taken, and there probably some uncertainty the figures 
this account. 

the tests the series 1896, and which are here specially con- 
sidered, such uncertainty exists; the exact dimensions each block 
were taken carefully and the weights per cubic foot computed therefrom. 
Table No. have the mean weights all the concrete blocks 
pounds. The Portage sandstone used ballast weighs 155 lbs. per 
cubic foot, and has, when crushed 12-in. cubes, crushing strength 
000 000 Ibs. per square inch. few determinations weight 
mortar used show the following mean weights per cubic foot: 


Weight per 

cubic foot. 


Tron Clad 


1 


The foregoing weights mortar blocks, well concretes, in- 
Table No. 15, are all taken the time breaking, and 
when, presumably, the excess water had evaporated. This conclusion 
reached considering that the blocks stood dry, warm place 
for some time before breaking. 

Referring Table No. 15, appears that there was very little dif- 
ference between the weights and 40% blocks. With the Genesee 
cement mortars, the mean weights are, for 33% blocks, 146.5, 
and for 40% blocks, 145.6. For Wayland, mortars, the mean 
figures are 33%, 146.9, and 40%, 145.8. For Genesee the figures 
are, 143.8 and 143.7; and for Wayland 144.5 and 144.2. 

For the Genesee cement, the weight per cubic foot was taken 
99.5 for the Wayland, 100 for the Iron Clad, for the 
Empire, 99.5 lbs., and for the Champion, lbs. The reason that the 
weights and 40% blocks are practically the same probably 
because 33% blocks the excess reduction voids under ramming 
just about compensates for the extra quantity mortar the 40% 
blocks, the relation between the weights mortar and broken stone 
being such give this result. The persistency the figures 
through the whole series shows that this result not accidental, but 
rather the expression well-defined law. 
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While many the points brought out the discussion are 
great practical interest, the author wishes say that many more 
interesting points could have been touched upon; as, for instance, the 
change volume mortar material when water added, the effect 
ramming consolidation mortar itself, the consolidation 
reduction void space the aggregate material under ramming, the 
probable greater reduction such space with rich mortars which act 
more thoroughly lubricants, and many others which could men- 
tioned. The paper itself was purposely left bare recital main 
facts regard the tests, which the detail given the report 
the State Engineer and Surveyor, the author’s hope being that ali 
the various points view would taken the discussion. That 
many them are left untouched, seems show, onthe whole, lack 
appreciation the theory concrete; the same time the author 
agrees thoroughly with Mr. Hall that there reason why the old 
nomenclature should obscure, from those who are looking for it, the 
true theory concrete mixtures. Nevertheless, the fact remains 
that apparently either that some other cause has far obscured 
the true theory concrete mixtures that American engineering 
literature is, the last year the nineteenth century, practically 
barren rational information the theory concrete. 
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Professor Baker’s view, that should show excess Mr. Rafter. 
’ 0 


strength over 33% concretes the same proportion the excess per- 
centage mortar, not supported the results these tests. The 
reason probably that 33% concretes the strength largely 
dependent upon the close bearing the broken stone, while the 
40% concretes is. somewhat larger degree, dependent upon 
the strength the mortar. Professor Baker, however, right his 
conclusion that, regards final results, the method storage not 
very important for concrete which has, the present case, attained 
age least year and half. Had the blocks been broken 
earlier period, they would probably have shown greater differences 
than those indicated Table No. 

the variation the strength the concrete, under the same 
conditions for the different cements, the author has explanation 
offer other than that possibly due varying qualities the 
cements themselves which have not thus far been closely differenti- 
ated the methods tests actually use. 

Mr. Conte has indicated the true phase concrete practice 
the present time his remark that itis humiliating spectacle 
see first-class material manipulated irrational and wasteful 
manner, developing results which cannot shown possess single 
redeeming feature. Especially this true regards the cleanness 
the aggregate material. The broken stone should, every case, 
washed clean, and indeed cleanness should made indispen- 
sable condition every stage the operation. That such conditions 
are not generally insisted upon, merely illustrates how far many 
are from understanding the true theory concrete. These remarks 
apply considerable proportion the concrete used the present 
time the United States. 

The tests recorded Mr. Von Schon are very interesting, especi- 
ally the general programme which outlines. His first con- 
dition, operate practically, avoiding the introduction refinements 
which cannot followed actual construction, thoroughly line 
with the author’s views, alsothe second. The author cannot but 
think, however, that Mr. Von Schon’s tests would have been more satis- 
factory had they been the line crushing rather than breaking bars 
applying load the center, though recognized that this is, 
after all, merely difference opinion; the author’s contention being, 
however, that had Mr. Von Schon broken number cubes, the results 
would have been comparable with most the results thus far obtained, 
whereas, the matter stands, impossible compare them. 

way showing the variations the quantity green mortar 
produced from the same quantity cement and sand, but with such 
variation the quantity water necessary produce dry, plas- 
tic excess mortars, the following figures are cited. 
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For mortars, cu. ft. cement and cu. ft. sand pro- 
duced quantities mortar cubic feet, follows: 

Genesee. Wayland. IronClad. Empire. Champion. Means. 

2.05 2.12 2.16 2.13 2.13 

2.21 2.16 2.23 2.25 2.18 

Excess... 2.25 2.16 2.28 2.29 2.15 


For mortars, cu. ft. cement and cu. ft. sand, pro- 
duced quantities mortar cubic feet, follows: 


Genesee. Wayland. Iron Clad. Empire. Champion. Means. 


2.51 2.37 2.57 2.50 2.22 2.43 
Plastic... 2.58 2.49 2.62 2.58 2.43 2.54 
Excess... 2.75* 2.62* 2.61 2.48 2.61 


Inasmuch the cement was weighed, thus insuring the same 
quantity each series, the irregularities these results are charge- 
able variations sand and quantity water. 

The author wishes thank those who have taken part the dis- 
cussion for the many valuable suggestions made. view the large 
number works, now either progress contemplated, which 
concrete either use used, the author hopes that the gen- 
eral question the rational relation between the voids the aggre- 
gate material and the amount mortar, especially relation unit 
costs, and other important questions, may thoroughly taken 
lead final, definite conclusions. The present paper was intended 
largely suggestive. 


One determination only. 
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Hours during which the Society House 211 
Nominees for Offices filled the Annual Election, anuary 17th, 


New Books the Month 


MINUTES MEETINGS. 


THE SOCIETY. 


October 4th, 1899.—The meeting was called order 8.40 
Vice-President Edward North the chair; Charles Warren Hunt, 
Secretary; and present, also, members and visitors. 

The minutes the meetings September 6th and 20th were approved 
printed Proceedings for September, 1899. 

paper entitled ‘‘Impact Tests Structural Steel,” Bent 
Russell, Am. E., was presented the Secretary, who also 
presented written discussion the subject Mr. Broomall. 


Ballots were canvassed, and the following candidates declared 
elected: 


MEMBERS. 


Martin Roanoke, Va. 


No. 
vil 
th, 

le, 
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CHANDLER Davis, New York City. 

Donovan, Port Eads, La. 

Columbus, Ohio. 

Curtis New Martinsville, Va. 
Dehri Bridge, Bengal, India. 

Hamaishiki, Yokkaichi, Miye, Japan. 
Horace Sumner, Alamogordo, Mex. 
Freeburg, Minn. 

LANE St. Louis, Mo. 

New York City. 

WEBSTER, South Bethlehem, Pa. 
Morris ALEXANDER Zook, Princeton, Ind. 


MEMBERS. 


Guy Philadelphia, Pa. 
Ernest Pittsburg, Pa. 
Martin Cox, New York City. 

FREDERICK LLEWELLYN, New Orleans, La. 
ANDREW Austin, Tex. 
Taro Tokyo, Japan. 


Announcement was made that the following candidates were elected 


the Board Direction, October 3d, 1899. 


ASSOCIATE. 


JEAN Philadelphia, Pa. 


JUNIORS. 


Victor Detroit, Mich. 

Butte, Mont. 

Francis New Orleans, La. 
ALEXANDER JENIFER Wilmington, Del. 
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The Secretary read the list nominees* presented the Nominat- 
ing Committee for the offices filled the next annual election. 

The Secretary read letter from the Secretary the Technical Club, 
Chicago, extending the courtesies the club members the 
Society who may visit Chicago during the Festival Celebration, October 
9th 14th, 1899. 

announced that the following resolutions were adopted 
the Board Direction, October 3d, 1899: 

Whereas, The Society Annual Convention has requested the 
Board Direction ‘to take the matter Standard Time and settle 
it,’ and with the understanding that this request particularly refers 
the use the 24-hour system notation employed the published 
matter and correspondence the Society; therefore, 

Resolved, That the use the 24-hour system time notation 
any the publications correspondence the American Society 
Civil Engineers hereby ordered discontinued; and 

further Resolved, That the appreciation and thanks the 
Board Direction the American Society Civil Engineers suit- 
ably conveyed the Standing Committee Standard Time for their 
long and consistent efforts attempting secure the general adoption 
and use the 24-hour system, effort which, its persistency 


against objections and difficulty, none the less admirable, although 
failing realize the results desired the said 


Adjourned. 


October 18th, meeting was called order 8.30 
Vice-President Edward North the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

paper Lewis Haupt, Am. Soc. E., entitled The 
Reaction Breakwater Applied the Improvement Ocean Bars,”’ 
was presented the author. Written discussions the subject 
Messrs. Thomas Symons, Elmer Corthell, George Wisner, 
Henry Marindin and Henry Ripley were presented the 
Secretary, and the subject was discussed orally Mr. Thomas 
Pitts and the author. 

The Secretary announced the death Archibald Johnson, elected 
Member April 6th, 1898; died October 3d, 


Adjourned. 


*See page 211. 
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THE BOARD DIRECTION. 
(Abstract. 


October 3d, North the chair; Charles 
Warren Hunt, Secretary, and present, also, Messrs. Clarke, Deyo, 
Haines, Ricketts, Schneider and Turner. 

special report the financial condition the Society was 
presented from the Finance Committee. 

progress report special Committee time and place for 
holding the next Annual Convention was received, and the subject 
considered. 

The matter the propriety providing for the payment the 
expenses members the Nominating Committee, which was referred 
the Board the Business Meeting the last Annual Convention, 
was considered, and report adopted for presentation the Annual 
Meeting. 

The matter the use the system time notation 
the Society was considered, and resolutions discontinuing its use 

The report the Nominating Committee was 

Correspondence with the Director the Twelfth Census, 
regard the collection and publication Municipal Statistics, was 
presented. 

Applications were considered, and other routine business trans- 
acted. 

One candidate for Associate and five for Junior were 


Adjourned. 


page 209. 
+See page 211. 
page 208. 
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ANNOUNCEMENTS. 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


RECENT ENGINEERING ARTICLES INTEREST. 


serial articles have been excluded. Beginning with this number 
Proceedings, serial articles, which have been concluded within the 
period covered the list, will mentioned, and the dates when 
they were commenced and ended will given. 


LIST NOMINEES FOR THE OFFICES FILLED THE 
ANNUAL ELECTION, JANUARY 17th, 1900. 


The following list nominees for the offices filled the 
unnual election, January 17th, 1900, were presented the Nominat- 
ing Committee the Board Direction* its meeting October 3d, 
1899, and announced the meeting the October 4th, 
1899. The list has already been mailed all Corporate Members. 


For President, serve one year. 


For Vice-Presidents, serve two years. 


New York City, representing District No. 
Chicago, representing District No. 


For Treasurer, serve one year. 


Knap, New York City, representing District No. 


For Directors, serve three years. 


Joun New York City, representing District No. 
Henry New York City, representing District No. 
Pittsburg, Pa., representing District No. 
Jr., St. Louis, Mo., representing District No. 
Henry New Orleans, La., representing District No. 
Houston, Tex., representing District No. 


See page 210. 
page 209. 
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MEETINGS. 


Wednesday, November 1899, 8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper Edmund Weston, Am. Soc. E., entitled, Test 
Mechanical Filter,” will presented. This paper was printed 
the September number Proceedings. 


Wednesday, November 15th, 1899, 8.30 regular meeting 
will held, which paper Frank Cilley, B., entitled, 
Exact Design Statically Indeterminate Frameworks: Ex- 
position its Possibility, but Futility,” will presented. This paper 
printed this number Proceedings. 

this meeting, Mr. Wm. Dalrymple will address the Society 
“The Triangulation Greater New York.” This address will 
illustrated with lantern-slides. 


Wednesday, December 6th, 1899, 8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper James Seddon, Am. E., entitled, River 


Hydraulics,” will presented. This paper printed this number 
Proceedings. 


Wednesday, December 1899, 8.30 M., regular meeting 
will held, which paper Sabin, Assoc. Am. Soc. 
E., entitled, Experiments the Protection Steel and Aluminum 
Exposed Water,” will presented. This paper printed this 
number Proceedings. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(September 13th October 11th, 1899.) 


Nore. —This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 
possible. 


LIST PUBLICATIONS. 


each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 
Girard Philadelphia, Pa. 
Journal, Franklin Inst., Philadel- 
Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago. 
(5) Transactions, Can. E., Mon- 
treal, Que., Can. 
(6) School Mines Columbia 
Univ., New York City, 50c 
Technology Quarterly, Mass. 
Tech., Boston, Mass., 75c. 
(8) Stevens Stevens Institute, 
Hoboken, J., 50c. 
(9) Engineering Magazine, New York 
City, 


Inst. 


Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 35c. 

(12) The Engineer (London), 
News Co., New York Cit 

(13) Engineering News, New York City, 


(10) 


(14) Record, New York 
ity, 
(15) Gazette, New York City, 


Engineering and Mining Journal, 
New York City, 15c. 
(17) Street Railway Journal, New York 
City, 35c. 
(18) Railway and Engineering Review, 
hicago, 
(19) Scientific American Supplement, New 
York City, 
(20) Iron Age, New York City, 10c. 
(21) Railway Engineer, London, 
land. 
(22) Iron and Coal Trades Review, Lon- 
don, England. 
Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 
American Gaslight Journal, 
City, 
New York City, 


Eng- 


New 


American 


(26) Electrical Review, London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 

and Tron, London, Eng- 


Journal, Society Arts, London, 
England. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales Assoc. des Ing. Sortis 
des Ecéle Spéciales Gand, Brus- 
sels, Belgium. 


the subjoined list articles references are given the number pre- 


(32) Memoirs Compt Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 

(40) Railway Age, Chicago, 10c. 

(42) Transactions, Am. Inst. Elec. Eng., 

New York City, 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) and Minerals, Scranton, Pa. 


(46) American, New York City, 


(47) Engineer, Manchester, 
(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 
(49) fir Bauwesen, Berlin, Ger- 


any. 
(50) Stahl und Duesseldorf, Ger- 
(51) Bauzeitung, Berlin, Ger 


many. 

(52) Rigasche Industrie-Zeitung, Riga, 
Russia. 

(53) Zeitschrift des oesterreichischen In- 
genieur und Architekten Vereines, 
Vienna, Austria. 

(54) Den Tekniske Forenings Tidsskrift, 
Copenhagen, Denmark. 

(55) Copenhagen, Denmark. 

(56) Stockholm, Swe- 


(57) Teknisk Ugeblad, Christiana, Norway. 

(58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, Pa. 50c. 

Scotland, London and Newcastle- 

upon- 

(60) Bridges and Framed Structures, 358 
Dearborn St., Chicago, 30c. 

(61) Proceedings, Western Railwa Club. 


225 Dearborn St., Chicago, 25c. 
(62) Manufacturer and 
Vorld, Ninth St., Pittsburg, 
London, England. 
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LIST ARTICLES. 

Bridge. 

The Bridge Religious Edifice. (14) Sept. 16. 

Bridges over the River. (14) Sept. 23; (15) Sept. 22; (18) 

ept. 23; (40 

The Staunchness Joints. Prof. J.T. Nicholson. Part II, 1898. 

Great Central Railway—Types Girder Bridges. (11) Sept. 

Proposed Bridge over the Tyne. (12) Sept. 15. 

Concrete-Steel Bridge Construction. Edwin Thacher, Am. (13) Sept. 21. 

Masonry Pier Moved Ice and Replaced. (5) Part II, 1898. 

Floor Details City Viaduct. Sept. 30. 

Railway Viaducts Cornw New. (11) Sept. 29. 

The Thomson Run Bridge. Oct. 

Mémoire sur Construction Pont Endja (Département Constantine, 
Algerie). (43) 1899, Second trimestre. 

Note sur les Fatigues Réelles les Fatigues Calculees dans Pont Grandes Mailles. 
Mesnager. (43) 1899, Second trimestre. 


Electrical. 


The Determination Standards Conductivity. Henry Harth. 

Sept. 

Electric Units. Prof. Blondel. (27) Sept. 23. 

Symbolic Representation General Waves and Frequency Vector 
Products. Charles Proteus Steinmetz. (42) June and July, 

(27) Sept. 30. 

Treatments Alternating Current Problems. W.G. Rhodes. (26) Sept. 
29) Sept. 

The Equivalence Triangles and Three-Pointed Stars Conducting Networks. 
Kennelly. (27) Sept. 16. 

Over-Compounding Dynamos. Scott. (26) ept. 


Single-Phase Motors with Special the Heyland Motors. (26) 
ept 


The Electrical and Mechanical Resistance Dynamo Brushes. (27) Sept. 16. 
Electric Lighting versus Gas. John Martin. (28) Sept. 15. 

Iron Poles, Lamps and Wires Boston. Alton Adams. (27) Sept. 23. 
The Lighting Lynn, (Eng.). (26) Sept. 15. 


from Constant Transformers. William Lispenard Robb. 
ct. 5 


Kalamazoo Valley, Mich., Transmission Plant. Edward James Sept. 30. 

Electrical Power Transmission from Paderno Mailand. Ancona. (48) Sept. 16. 

The Cost Electricity Some New York City. Percival Robert 
Moses. (42) June and July, 1899; (14) Sept. 

Electric Power Engineering Works. Dr. Louis (10) Oct., 1899. 

Electrical Board Ship. Alexander Siemens. (12) Sept. 22; 30. 

Auxiliary Machinery the United States Navy. Alton (12) 


Light and Power Transmission Aigle. Switzerland. (12) 

Oerlikon Electric Mining Plant Southern California. (27) Sept. 

The Oerlikon Engineering Works. (26) Sept. 29. 

Electric Power Plant the Steel and Iron Works, England. 
(27 ct. 

Water Power Electrical Plants the United States. Washington, Jr. (24) Serial 
beginning Sept. 11, ending Sept. 18. 

Storage versus Electric Isolated Plants. Alton Adams. (10) Oct., 1899. 

Distribution d’Energie par dans les Ateliers Construction des Machines 
Allgemeine Elektricitaets Berlin. (36) Serial beginning 
July 10, ending Sept. 10. 


Marine. 


Japanese Armored Cruiser (12) Sept. 22. 

M.S. London. (12) Sept 

The Italian Cruiser Gariba Sept. 15. 

New Type Battleship—The French Henri Quatre. 

The Chilian Training Ship General Baquedano. (12) Sept. 

Torpedo-Boat Destroyers for-Sea Service. James Howden. (47 16. 

Triple Screws for Warships. Rear Admiral George Melville, (10) Oct., 1899. 

Steam Auxiliary Machinery for Warships. Robison. (9) 

The Increasing Size Steamships. Herbert Sadler. (10) Oct., 

The Cunard Liner Ivernia. (11) Sept. 22; (12) Sept. 22. 

The White Star Twin-Screw Steamer Oceanic. Sept. 15. 

The Mabel Grace Channel Steamer. (12) Sept. 
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Marine—(Continued). 


Navigation. Sir William Presidential Address. (11) Sept. 15; 

(12) Sept. 15. 

Large Atlantic Cargo Steamers. Hunter. (47) Sept. 

Fast Cross-Channel Steamers. Parsons. Sept. 22; (47) Sept. 30. 

The Development German Shipbuilding. Rudolph Haack. (9) Oct., 1899. 

Tests the Lake Steamer Pennsylvania, fitted with Water-Tube Boilers and Mechanical 
Stokers. (13) Oct. 

The Pendulum Propeller. Vogt. (55) Sept. 

Taking Steamers the Inland Route the Caspian Sea. (12) Sept. 22. 

Marine Marchande. (32) July, 1899. 


Mechanical. 


Notes Rod Rolling and its Development. Turnbull. (62) Serial beginning 
Sept. 14, ending Oct. 

The Niclausse Water-Tube Boiler. Mark Robinson. (12) Sept. 22; (28) Sept. 22. 

versus Mild Steel Boiler Tubes. Yarrow. (10) Oct., 1899; (50) 
Sept. 

The Prevention (14) Sept. 16. 

The Freitag System Coal Dust Firing. (48) August 19. 

Coulthard’s Triple-Expansion Engine. (12) Sept. 29. 

Large Winding Engine. (22) Sept. 22. 

Reversing Machinery for Rolling Mills. Ehrhardt. Sept. 15. 

The Use Superheated Steam Steam Engines. (55) Sept. 

Notes Testing Connection with Mine Plants. (22) Sept. 15. 

Condensing Plants for Factory Purposes. Sir Alfred Seale Haslam. (10) Oct., 1899. 

The Bauer By-Product Coke Oven. (24) Sept. 18; (52) Sept. 28. 

The 400-Horse-Power Gas Producer Plant for the Erie Railroad. (15) Sept. 29. 

The Yield Coal Coking. Duncan Anderson, Jr. (20) 28. 

The Utilization Coke-Oven Gases for Lighting. (22) Sept. 22. 

Plants for Utilizing Blast-Furnace Gases. Savage. (16) Oct. 

Utilizing Charcoal Blast Furnace Gases. (62) Sept. 21. 

the Use Finely-Divided Iron Ore Obtained Concentrating Processes. Professor 
Wiborgh. Sept. 14; (11) Sept. 15. 

Some Forms Magnetic Separators and Their Application Different Ores. 
MeNeill. (12) Sept. 

Gjer’s Hot-Blast Temperature Equalizer. (16) Sept. 16. 

Recent Experiences with Steam Common Roads. (11) Sept. 22. 

The Coulthard Steam Lurry. (47) Sept. 30. 

Self-Propelled Steam Fire Engine. (11) Sept. 15. 

The Renaux Motor-Tricycle. (28) Sept. 15. 

New Water Circulating Pumps for Motor Cars. (28) Sept. 

New Type French Automobile Hansom. (27) Sept. 16. 

French Trials Electric Delivery Wagons. (27) Sept. 23. 

The Lillie Evaporator. (11) Sept. 15. 

Australian Air Compressor. (22) Sept. 15. 

the Thrust Lifting Power Air Propellers. William George Walker. 

12) Sept. 29. 

Goliath Crane Dover Harbor Works. (11) Sept. 29. 

Notes the Working (Gas) Governor. W.Whatmough. (24) 

The Westinghouse Gas Engine. (15) Sept 15. 

Moyens Actuels Conquéte Léo Dex. (36) Sept. 25. 

Circulation dans les Chaudiéres Multitubulaires. (33) 

pt. 

Regulateurs Temperature, Systéme Dorian. (34) 1899. 

Automobiles; Etudes Direction Deux Pivots. Bourlet. (33) Serial, begin- 
ning Sept. ending Sept. 


Mining. 


Deep Pumping the Elliot Colliery. (22) Sept. 22. 

Mechanical Haulage Compressed Air. (28) Sept. 29. 

New Mining Machinery Schlesien. (48) Sept. 

Superior Iron Ore Mines. Jeremiah Head and Archibaid Head. (10) Oct., 


Com Air, Electricity and Steam for Mining Purposes. W.E. Garforth. (10) 

The Control Air Currents Gaseous Mines. (24) Sept. 18. 

Coal and Coal Mining Michigan. Charles Holmes. (16) Sept. 16; (24) Sept. 

Mining the Witwatersrand 000 Feet Deep. John Yates. (16) Sept. 16. 

Determining the Drill Holes. G.C. McFarlane. (16) 16. 

Charging Rescue Appliances with Oxygen. (16) Sept. 23. 

Notes Smelting. alvern Iles. (16) Serial beginning Sept. 
ending Sept. 23. 

The Utilization Drainage Water Work Turbine Driving Winch. (22) Sept. 

Pumping Difficulties the Maypole Colliery Sinking. (22) Sept. 15. 

The Lee Mining Machine. Foster Bain. (22) Sept. 22. 
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Municipal. 


Paving Brick and Brick Pavements. (1) August, 1899. 
Distributing Gas Under High Pressure. F.H. Shelton. (13) Oct. 
Vitrified Clay Pipe instead Iron Pipe for Gas Mains. Irvin Butterworth. (13) 


Railroad. 


The White Pass and Yukon Railway. (13) Oct. 
Steel Foundations for Steam Railroad Track. Gustav Lindenthal, Am. Soc. 
(15) Serial beginning Sept. ending Oct. 
Modern Developments Track and Track Work. Russell Tratman, Assoc. Am. 
(13) Sept. 21. 
Switches Operated Electricity. Russner. (53) Sept. 22. 
Alignments and Grades, Chicago, Burlington and Quincy Railway. 
ept. 23. 
Tie Spotting Grooving Machine, Flint and Pére Marquette Railway. (18) Sept. 23. 
The Barsi Light Railway. (47) Sept. 16. 
Remarkable Extension Light Railways Belgium. (12) Sept. 22. 
The Sierra Leone Railway. (12) Sept. 
The Railways Africa. (13) Sept. 28. 
Express Passenger Locomotive for the Great Central (11) 


The New Six-Coupled for the North-Eastern Railway. Charles Rous- 
Marten. (12) Sept. 22. 


Diamond Stack Without Netting. Oct. 
Heat Transmission Locomotive Boilers. William Forsyth. (25) Oct., 1899. 


Center Gravity Locomotives—Simple Method Determining. Henderson. 
(25) Oct. 1899. 


Coke Locomotive Fuel. (25) Oct., 1899. 

The Organization the Maintenance Way Department. Russell 
Assoc. Am. (18) Sept. 30. 

Weighing Cars Gravity Track; Chicago, Lake Shore and Eastern Railway. (13) 
Sept. 21; (15) Sept. 15. 

Concrete Railway Structures. F.G. Jonah. (5) Part 1898. 

The Portrush and Giant’s Causeway Electric Railway. (12) Sept. 

Electric Railway with Side-Running Trolley. (13) Sept. 21. 

Sheffield Corporation Tramways. (26) Sept. (47) Sept. 

Indispensable Accessories Electric Traction. Henry Cottrell. (26) Serial 
beginning April 28, ending Sept. 15. 

Electric Tramway Traction. Albert Greatorex. (28) Serial beginning August 25, 
ending Sept. 


Latest Improvements Axle Lighting. (15) Sept. 15; (18) Sept. 16; (25) 


Systems Railway Fog Signaling. Wilfrid Swanwick Boult. (21) Sept., 


Chemin Fer Métropolitain Paris. Hervieu. (35) Seria: beginning March, 
ending Sept. 1899. 


Tramways Pneumatiques. (36) Sept. 10. 

Chemin Fer Laqueuille Mont-Dore. Georges Leugny. (36) 10. 

Transformation des Gares Tours Saint-Pierre-des-Corps. MM. Couvrat and 
Sabouret. (38) Sept., 1889. 

Note Relative des Trucks-Transporteurs sur Réseau Voie 0m.80 des 

_Ardennes. (43) 1899, Second trimestre. 

Alimentation d’eau des Locomotivesen Marche. (33) Sept. 16. 

Ventilation des Tunnels; Conditions Volume Introduire dans Tun- 
nel, Travail Nécessaire pour son Introduction. Raymond Godfernaux. (33) Serial 
beginning August 19, ending Sept. 16. 

Sanitary. 


The Drainage Problem New Orleans. (14) Sept. 16. 

The Cleansing Large Cities. (12) Sept. 15. 

Modern Methods Sewage Disposai. Sir William Eenry Preece. (13) Sept. 14. 

Improved Methods for the Purification Sewage and Water Shown the Operation 
the Municipal Plant Reading, John Jerome Deery. (3) Serial beginning 
Sept., ending Oct., 1899. 

The Design Refuse Carts. (14) Sept. 16. 

Mason’s Refuse Gasifier for the Destruction Town’s Refuse. (47) Sept. 16. 

Electricity for Sanitation Havana. (27) Oct. 

Hospital the Assouan Dam. Sept. 15. 

Général des Eaux Ville Paris. E.Fourrey. (36) Sept. 25. 


Structural. 


The Vocklabriick Cast-Steel Works. (22) Sept. 29. 

New 50-Ton Open Hearth Furnaces Barrow Steel Works. (22) Sept. 29. 

Furnaces. Archibald Head. (62) Serial beginning Sept. 14, 
ending Sert. 21. 

The Diffusion Elements inIron. John Oliver Arnold and Andrew (11) 
Serial beginning August 25. ending Sept. 


Fractures and their Value Foundry Practice. James Williard Miller. (11) 
ept. 22. 
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Structural—(Continued). 


The Permanent Set Iron, Copper. George Wilson. (47) Sept. 

The Solution Theory Carburized Iron. (47) Sept. 

The Constitution Steel. Prof. Campbell. (47) Sept. 16. 

The for and the Manufacture Concrete for Engineering Works 
Sept. 28. 


pt. 
The Salt Water Cement. A.S. Cooper. (3) Oct., 1899. 
The Scissors Truss. (14) Oct. 
The Designing Columns for Freight and Passenger Sheds Exposed Wind. 
Pemoff. (13) Oct. 
The Problem Struts with Lateral Loads. (12) Sept. 22. 
The Failure the Chicago Coliseum Roof Arches. 14; (14) Sept. 16. 
The New Car Shops the John Stephenson Company, Ltd. Charles Davis, 
Soc. Serial beginning Sept. 23, ending Oct. 
The Highest Office Building the World. (11) Sept. 22. 
Jersey City. Edward Gumaer. 
13) pt. 28. 
The Dewey Arch, New York. (14) Sept. 30. 
Underpinning Without Supports. (14) Sept. 30. 
Tenement House Requirements New York. (14) Sept. 30. 
The Proposed New Building Code for New York City. (13) Sept 14; (14) Sept. 16. 
Recent Theater Construction. (14) Sept. 16. 
Suspended Ceilings and Metallic Furring. (14) Oct. 
Suburban Stable and Casino. (14) Oct. 
Building the Mahamonie Pagoda, Mandalay. (14) Oct. 
Model Electric Light and Power Plant. (13) Sept. 14. 
Water Large New York Residence. (14) Sept. 16. 
Exhaust Hot-Water Heating Plant. (14) Sept. 23. 
Type Heavy Electric Sidewalk Elevator. Sept. 28. 
(33) Sept. 16. 
Exposition 1900--Etat d’Avancement des Travaux des Invalides, des 
Berges, Seine Trocadéro. Ch. Dantin. (33) Sept 23. 
Métal Déployé, Fabrication Emplois. (32) July, 1899. 
Salle Communale Réunion Saint Maurice (Seine). Guyon. 
35) Sept., 1899. 
Supports Horizontaux Armaturés, Fer Ciment. Henry (35) Serial begin- 
ning Aug., ending Sept., 1899. 
Topographical. 


The Progress the Ordnance Survey. (12) Sept. 22. 
Télémétre Campagne Weldon. (36) Sept. 10. 


Water Supply. 


Report the Commission the Improvement the Philadelphia (13) 
Oct. (14) Oct. 


The Improvement the Philadelphia Water Supply. (14) Sept. 30. 
Reinforcing Well Galleries. (14) Oct. 


Laodicea. Asia Minor. Edward Wegmann, Am. (14) 
sept. 6. 


Sinking Driven Wells. (14) Sept. 16. 

The Design Covered Reservoirs. (14) Sept. 23. 

Flood-Water Channel; Altoona Reservoirs. (14) Sept. 23. 

The Care Fire Hydrants Winter. (14) Sept. 23. 

Cone Reservoir Outlet Valves, Plymouth, England. (13) Sept. 21. 

The Removal Iron from Ground Water. (14) Sept. 30. 

Coatings for Cast-Iron Water Pipes. Thomas Wiggin. (13) Sept. 14. 

Power Development Niagara Falls other than that the Niagara Power Company. 


Waterways. 


The Effect Waves Breakwaters. (14) Sept. 16. 

Predicting Rivers. (14) Sept. 16. 

The Chittenden Drum Dam. (14) Sept. 16. 

The Report the Nicaragua Canal Commission. (13) Sept. 21. 

The Soulanges Canal. Thomas Monro. (5) Part 1898. 

Trent Canal. Rogers. (5) Part 1898. 

Montreal, Ottawa and Georgian Bay Canal Navigation. Wicksteed. (5) Part 1898. 

Failure Canal Bank Dudley Port. (12) Sept. 22. 

Mechanical Traction Canals. (12) Sept. 

The 1000-Horse-Power Ladder Dredge for the Vladivostock Harbor Improvement Work, 

American Electrical Dredges the Volga River, Russia. (27) Oct. 

Lighthouse Illumination. (28) Sept. 

Mémoire sur Transformation Canal Latéral Loire entre Digoin Maimbray 
Mazoyer. (43) 1899, Second trimestre. 

Notice sur Barra Rio Grande Sul sur les Moyens d’y Créer une Passe Stable. 
Vauthier. (43) 1899, Second trimestre. 
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Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


TABLE SQUARES 


Containing the True Square Every Foot and Fraction Thereof from 
Hall. Morocco. inches, 206 pp. New York. The Engineering 
News Publishing Company. $2.00. 


these tables accuracy the sixth decimal place aimed at; the fraction being 
squared before reduced the decimal form. The book opens with some notes 
the relations the squares, and extends the table 100 feet, sixteenths 
inch. The page numbers this book agree with the number feet squared. The 
right-hand pages are given half numbers, with the result that the pertaining 
any foot are view when the page bearing that number referred to. separate 
column devoted each inch, broken blanks into quarters and the roots are set 
full-face type, order promote clearness and ease reference. 


MASONRY CONSTRUCTION. 


Treatise Masonry Construction. Ira Baker, Am. 


This the ninth edition Professor work. the chapters Cement, 
and Mortar and Concrete have been entirely rewritten and chapter Sand, Gravel and 
Broken Stone has been added. number minor changes have also been made. The 


chapter and article headings are repeated facing pages, and there are six folding plates 
and index eight pages. 


MODERN AMERICAN SCHOOL BUILDINGS. 


Being Treatise upon, and Designs for, the Construction 
Buildings. Warren Richard Briggs. Cloth, 411 pp., 
illus. New York. John Wiley Sons. $4.00. 

apers prepared for State Board Health reports 


and others originally written for periodicals, which new chapters, com- 
nearly half the bulk the volume, have been added. The chapter headings are: 

General, Appropriations, Competitions, Specialists, Commissions, Superintendence, 
Ethics, Ready-Made Plans, Entrance-Halls and Staircases, Windows and Lighting, Hat- 
and-Cloak Rooms, Playrooms, Heating and Ventilation, Sanitary Hy- 
Construction the Bridgeport High School Building, Suburban Schoolhouses, 

lanning and Construction Schoolhouses, City School Buildings Restricted Sites, 


The book has pages illustrations, comprising elevations and floor plans 
buildings. 


THE FIREPROOFING STEEL BUILDINGS. 


Freitag. Cloth, 319 pp., illus. New York. 
John Wiley $2.50. 


While the author recognizes that the subject fire-proofing the experi- 
mental stage, this volume intended present systematized information regarding 
the development the fire-proofing steel buildings and the present most approved 
and efficient methods treatment. The chapter arrangements are designed cover 


the development, fires and tests, materials, planning, details and equipment. There 
index eleven pages. 
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JUNIORS. 
Isaac 
150 West 64th St., New York June 1899 
CoRNELIOUS 
GEORGE RosENGARTEN 
230 West Rittenhouse Square, Philadelphia, Pa........ Sept. 1899 
ALEXANDER JENIFER 
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MEMBERS. 
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York City. 
Easton, Pa. 
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Care Mr. Lewis Kingman, Chf. 
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AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications 


THE EXACT DESIGN STATICALLY INDETER- 
MINATE FRAMEWORKS. EXPOSITION 
ITS POSSIBILITY, BUT FUTILITY. 


INTRODUCTION. 


the theoretic consideration all material systems customary, 
fact necessary, replace them more less equivalent but 
simpler systems. This alone makes their analytic examination possi- 
ble, not say practicable and the results thus obtained, although 
applying strictly only the ideal constructions theory, throw much 
valuable light the workings the actual material systems. 

But accustomed have become this procedure that often 
forget that between the theoretic results and the actual conditions 
there must always exist divergence, greater proportion the 
difference between the imaginary system and the real system the 
greater. This neglect leads two serious faults: the con- 
sideration existing systems, replacing them theoretic systems, 
which insufficiently represent them, and applying the conclusions 
thus derived though they were practically exact: Second, the 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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creation new systems, constructing them differently from the 
ideal systems which they are based that the actual conditions are 
quite unlike those supposed. This has given rise many strange 
fallacies, has held back practice and has discredited theory. 

Frameworks furnish excellent illustrations this, for the ideal 
framework has always been far simpler structure than the real 
framework, and its theory correspondingly different from actual con- 
ditions. Whereas the ideal framework consists group straight 
members joined their ends move freely about the points 
connection, loaded only these points, and—neglecting the effects 
dead weight and wind pressure—subject, therefore, only direct 
stress tension compression the members, actual frameworks 
always have joints more less stiff, their members are frequently 
joined other points than their ends, and they are loaded other 
points than their joints, thus introducing flexure the members, 
well direct stress, result the application loads. 

But has long been customary overlook these divergencies 
between theory and practice, gratuitously assume them con- 
sequence, that now, matter course, figure our simple 
theoretic system and then apply the results our complex actual 
system, without doubt, apparently, that this application not only 
justifiable, but practically exact. This has resulted the perpetua- 
tion defective construction and the fallacy that increased strength 
and stiffness, with the same amount material, obtained 
stiff joints, broad members rigidly attached where they pass one an- 
other, continuous members, this day, some eminent engineers 
uphold these virtues. And, the other hand, this has resulted 
indifference the variations between theory and practice which 
actually exist, and neglect develop, and still more apply, 
more exact parallelism, both theory and practice. America 
partial attempt fulfill these suppositions the ideal framework 
the use pin connections was made long ago, yet continue use 
continuous chords, and floor systems, and many riveted connections 
which the theory takes account. Europe few attempts have 
been made calculate closer theoretic parallels actual structures, 
and these more exact calculations have shown how very considerable 
were the neglected elements stress and the importance eliminat- 
ing these secondary stresses they are called; but these calcula- 
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tions are very recent, and are extremely few number, for they are 
very laborious. 

The net result is, that not only theory and practice diverge 
important extent, but that this divergence given practically 
attention. This not should be, and may look forward 
considerable improvement this respect the near future. The 
author believes that much closer approach the actual the ideal 
framework not only practicable, but desirable; and, the other 
hand, considers more exact calculation, that is, calculation the 
structures more nearly they are, requisite progress. Expensive 
mechanical devices should not used the effort approach more 
nearly ideal construction where corresponding practical advantage 
can shown, and laborious calculations are out place where the 
limits error simple approximate calculations are known and can 
more cheaply taken into account through liberality construc- 
tion. But what may insisted that either the actual conditions 
shall taken into account through more exact calculation, that 
pretence accuracy shall made where there has been none, and 
that the divergences between the theory used and the construction 
actually carried out shall allowed for liberally. 

The object this paper not consider the more exact calcula- 
tion actual structures, but rather examine certain questions 
connection with ideal frameworks, the greatest practical importance 
because the foundation actual designs. deals with statically 
indeterminate ideal frameworks, that is, ideal frameworks previ- 
ously defined, which not all the members are essential, or, other 
words, which some members are What are the condi- 
tions involved and how may such frameworks exactly designed; 
what are their qualities, and what their merits and demerits? Such 
the matter which this paper seeks consider. Its purpose not 
give instruction methods, but simply indicate the principles 
involved, point out some fundamental but not generally known 
facts, and discuss broadly, with the aid few simple illustra- 
tions, the bearing these facts practice. And let not such dis- 
cussion ideal construction underrated and regarded 
value connection with actual structures, which all, more less, 
diverge from the ideal, for must remembered that the ideal here 
considered the basis which all actual practice founded. 
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The use statically indeterminate frameworks, the sense here 
mentioned, has been exceedingly common Europe, where has 
been, and even now, advocated extensively the most eminent 
engineers. Continuous bridges, two-hinged and hingeless arches, 
arches supporting continuous trusses, and their inversions sus- 
pension type, not only are met frequently existing structures, but 
are used frequently new projects. And there are indications that 
here the United States these constructions are gaining certain 
hold, shown the erection certain recent arches and suspension 
bridges, and above all the proposed huge suspension bridge 
New York. Moreover, since most frameworks are actually space- 
frameworks, formed uniting several plane frameworks, and this 
connection made without consideration statical determination, 
most frameworks—as bridge trusses with their connecting wind 
bracing—are actually indeterminate, whether not their component 
plane frameworks are statically determined when alone. This gives 
great prominence the subject the construction frameworks 
with superfluous bars, and makes clear understanding them 
exceedingly important. advisable use such structures rather 


than the much simpler just determined” construction generally 
advocated America? Which the better, and why? 

the course the more mathematical examination which will 
follow, the answer this question will present itself, but advis- 
able here review briefly certain facts. 


European engineers have always been the principal advocates 
indeterminate construction. They have insistently claimed for the 
virtues greater economy, strength, safety and stiffness. Practically, 
demonstration these claims has been forthcoming, except, perhaps, 
proof that the continuous girder possessed these advantages com- 
pared with equal free spans; but this comparison was unfair, and the 
proper rejoinder was eventually given the cantilever. Grudg- 
ingly conceding its equivalence, European engineers continue claim, 
without demonstration, the superiority the remaining types, 
larly the two-hinged and hingeless arches over the three-hinged arch. 

These claims have not been wholly uncontested. early 
1876, Maurice Levy, Paris, insisted strongly the universal 
economic superiority frameworks with superfluous bars. 


supported his contention general reasoning, and demonstrated 


‘ 
+ 
j 
q 
ig 
4 


568 CILLEY INDETERMINATE FRAMEWORKS. [Papers. 


mathematically, that certain exceptional case with superfluous bars 
the economy was greater than without such bars. But little atten- 
tion seems have been paid Levy’s statements, possibly because 
they were not accompanied any general mathematical proof. The 
subject, from this point view, seems have been dropped 
entirely from consideration, and the author, his studies Paris, 
Zurich and Berlin, perhaps the most notable the European engi- 
neering schools, has found further mention it. these schools 
statically indeterminate structures are universally taught and advo- 
cated, being regarded, apparently, more difficult, but better, than 
the simpler, determined structures. Beautiful methods 
have been developed for the more complex structures, and the professors, 
possibly fascinated the charms these computations, gave them 
great prominence, and fostered among the students predilection for 
difficult types, without making any study the question, whether 
not there were real advantages their use offset their difficulties. 
Feeling convinced that, while the knowledge methods 
lation difficult structures was exceedingly valuable because their 
frequent occurrence, and because unavoidable occasions for their 
use, the encouragement, even preference, given use such con- 
struction was mistaken, the author, fully informed European 
ideas and methods, undertook general investigation the com- 
parative merits frameworks with and without superfluous bars. 
The result was the discovery some curiously unknown, although 
most fundamental, facts concerning the design frameworks with 
superfluous bars and the distribution stresses therein, together 
with somewhat general demonstration the economic superiority 
statically determined over indeterminate construction. simple 
and popular article published the Technology Quarterly,* for June, 
1897, these results were set forth, but was desired present the 
matter, somewhat more mathematical and complete form, directly 
the engineering public, for whom would have 
Consequently, the present article has been written. the 
simple illustrations and much the matter the preceding article 
have been passed over with mere reference, the subject being treated 
somewhat more generally, and much space has been devoted some 
illustrations selected, extremely simple cases exact design, with 
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the purpose demonstrating the impracticability, the futility, even 
the folly attempting such designing practice, rather than fur- 
nishing instruction its use. desired simply that those who 
read this, the inspection the amount and difficulties the 
work exposed the illustrations, may form some adequate notion 
why the exact design frameworks with superfluous bars not 
thought of, and, therefore, why such design practice, the 
future the past, will made methods trial, which can 
only give best, after infinite labor, most imperfect and uneconomic 
results. But desired that they may examine with care the results 
obtained the illustrations, convince themselves that even with 
exact methods, giving the most perfect possible designs, and when 
neglecting temperature effects and many other serious objections, the 
use bars furnishes sensible advantage, while, 
including these inevitable accompaniments indeterminate construc- 
tion, all respects inferior the simple determinate con- 
struction, taught and advocated our schools, and with which 
American bridge engineers are perfectly familiar. 

those whose interest and leisure permit, more careful perusal 
the illustrations recommended, and particular the working 
out similar examples. Such work would form 
ment the little that the author here able offer. And further, 
would suggest the careful analysis some notable existing inde- 
terminate structures, and their comparison with designs parallel 
statically determined structures. The results will inevitably sur- 
prising their demonstration the sad deficiency such indeter- 
minate structures, judged the standards good proportioning 
insisted all statically determined designs. American engineers 
may the future devote their attention the determination the 
best statically determined forms, the development statically 
determined space-frameworks and the perfection details intended 
ensure the usually assumed ideal simplicity stress, with the 
assurance that they are the sole road the best designs. 

The author further ventures hope that structures now con- 
templation but not commenced, projected statically indeterminate 
form, will reconsidered, and that more economic statically deter- 
mined forms, which certainly exist, will determined and used 
their stead. 
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ideal framework, since composed only members joined 
their ends, freely movable these joints and loaded only the 
joints, are concerned only with the equilibrium forces acting 
points—the joint centers. Therefore, the conditions each joint are 
number, that the resultant forces along three rectangular axes 
shall zero. framework have joints this furnishes equations 
condition which must satisfied. these equations but 
are independent equations involving the inner forces alone, 
since they must together satisfy six conditions equilibrium among 
the outer forces acting the framework, including these outer 
forces the elements the reactions well the loads. general, 
for the stability the structure, these elements the reactions must 
least six number. Let their number and the number 
members the framework bars Then, for stability, 
must least equal 3n. perfectly well exceed 3n, 
which case the framework becomes statically indeterminate, because 
the conditions furnished statics are insufficient determine the 
unknown bar stresses and reaction elements. 

the framework were statically determined should have 
the form the framework would just determined 
through the lines its figure, would ‘‘just remove any 
bar and would become mechanism; alter slightly the length any 
bar the position any support and the figure the framework 
would altered slightly without further consequences; stress 
would exist the members, except through loads; temperature 
changes, whether uniform varying, would change slightly the form 
the framework without affecting otherwise; the stress each 
member due any load would calculable easily and without regard 
its own material and its elastic qualities those its neighbors; 
each member could designed readily and exactly under any given 
series loadings satisfy almost any given conditions, for the 
dimensioning each member would practically independent 
that all others; and, finally, all displacements the joints the 
framework due stresses temperature changes would just 
defined through the corresponding changes the lengths the 
members, and would easily calculable. 

such framework were add further bars, the joints 
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remaining before, that 3n, the framework would become 
overdetermined; some the bars could removed, and the frame- 
work would still stiff; alter slightly the length any these bars 
the position support, and the framework would put under 
stress; stress without loads might, therefore, exist, and temperature 
changes might cause very considerable stresses; the stresses under 
given loads could only calculated long and laborious application 
the equations elasticity, which not only the dimensions each 
member but its material and elastic qualities would have taken 
into consideration; the stress single member could not deter- 
mined independently other members; the design given member 
might affected greatly the design many other members, and 
would very difficult, not impossible, satisfy accurately given 
conditions under series loadings; finally, minute changes the 
lengths some the bars, slight yielding the supports, might 
change materially the distribution stress, that would exceed- 
ingly difficult practice obtain even approximately any stress 
distribution which the design was determined upon, and main- 
tain such stress distribution the face any slight yielding 
joints and supports due changing loads, climate and other external, 
or, perhaps, also internal, causes. 

Such are the structures whose exact design are about con- 
sider. the foregoing have regarded them formed the addi- 
tion further members determined” frameworks, although 
they have rarely been thus conceived. This manner regarding them 
most serviceable connection with their calculation, but the course 
evolution has rather been the derivation ‘‘just 
forms from pre-existing indeterminate forms through the dropping 
superabundant (or superfluous) members. 

The recital the more obvious characteristics the indeterminate 
frameworks, just made, would seem alone sufficient condemnation 
their use practice, and further facts, developed the later analysis, 
will serve confirm definitely this view. The statical analysis 
frameworks with superfluous bars shows them inferior 
economy and strength while not superior stiffness the best 
parallel designs without bars. 

The objectionable characteristics indeterminate structures have 
long been known, but hitherto have been regarded offset certain 
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supposed virtues economy and stiffness which have been ascribed 
tothem. Yet the correction these mistaken beliefs through analy- 
sis, which the object this paper, will destroy the prestige inde- 
terminate structures only part. They have, and will long continue 
have, the support many able engineers, whose experience, having 
been largely with such structures, prejudices them their favor and 
disables them from appreciating and weighing their defects clearly. 
Following the common human device seeking reason justification 
for beliefs rather than through reason establishing belief, some these 
engineers will make much what analysis has not yet defined and will 
strive make the unknown, and, for the present, perhaps, unknow- 
able, not simply defence, but the continuance their 
beliefs. shall find them taking ground difficult that the 
theorist, least yet, unable follow and settle the matter de- 
cisively, and maintaining general, the problems connected with 
frameworks are not static, but dynamic; that inferiority, demonstrated 
for static loads, longer true moving loads; and that the intro- 
duction vibration addition static wholly alters the 
case and leaves indeterminate structures, after all, masters the field. 

But must remembered that these will only claims, not 
proofs. They can only supported general reasoning, and can 
effectively answered the same fashion. Experience has not 
demonstrated that dynamic defects are necessary accompaniments 
static determination, and all not proven analysis remains 
Let only not outfaced displays erudition assertions 
authority, and will speedily perceive that appeals uncon- 
sidered and complex phenomena (the writer has heard brought the 
speed which stress travels and the consequent effect the time 
loading stress distribution), have only with appeals 
ignorance, which can hardly regarded adding strength the 
arguments those who make them. 

The writer does not wish the ‘preceding belittle the import- 
ance dynamic phenomena. due time and their order they 
should and doubtless will studied and given proper consider- 
ation. But first must study and understand the static phenomena 
which are their foundation, the truths which they will not 
change but only add to. 


the following paper attempt made treat mathematically 
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other than the static side the question. And begin with may 
point out fact, hitherto almost wholly disregarded, and which makes 
indeterminate frameworks worthy the name far more than does the 
fact that they are statically indeterminate. 

have already noted that indeterminate frameworks the num- 
ber unknown quantities greater than the number equations 
condition furnished statics, that ism may con- 
veniently regard the framework possessing many superfluous 
selected the superfluous bars then the remaining bars 
inclusive) form with the supports determinate framework. 
Let the stress any bar this statically determined frame- 
work this framework alone carried the loading, let the stress 
this bar which tension unity one the superfluous bars 
would cause there were external load and the 
bars the alone were action, and let the actual stress 
the superfluous bar when the given load applied the actual 
framework with all its superfluous bars acting. Then the actual 
stress bar evidently given the formula: 


Now—and here the commonly neglected consideration—as far 
the laws statics are concerned, only the and the are fixed 
and determinate, while the may anything; they are truly inde- 
terminate and not, commonly stated, fixed certain auxiliary 
equations elasticity. What does fix them structure with given 
elastic constants and given bar sections is, under given conditions 
temperature, the precise lengths the bars. But, matter 
fact, any existing structure these lengths bars are never known 
with anything like exactitude, will evident when one considers 
that, with modulus elasticity 000 000 Ibs. per square inch, 
bar steel ft. long, whose length not known within thou- 


sandth foot, would not have its intensity stress known within 


000 Ibs. per square inch, within about third its 


probable working stress. Designers and computers have passed over 
this difficulty, often, not generally, unconsciously, the simple 
assumption, unwarranted any corresponding precautions con- 
struction knowledge existing structures, that, certain 
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temperature and with certain loading, certain state stress exists 
throughout the structure. Usually, this takes the simple form the 
assumption that the structure, when free from all loading and uniformly 
the mean temperature, free from all stress. Then truly the equa- 
tions elasticity define the stresses under all other conditions load- 
ing and temperature, but this far from warranted assumption and 
not the equations elasticity which removes the indetermination. 

Since the stresses the superfluous bars are not fixed equations 
elasticity, but their lengths, evidently have our power— 
designing least—to give these bars any stresses please under 
given loading giving them suitable lengths, and this without 
any way altering the figure the framework (because the changes 
length the bars required all practical cases would 
very small), and without altering the sections the bars, that is, the 
number this gives ktuple degree freedom the design such 
framework, and the same degree indetermination the computa- 
tion such existing framework. Unlike the case statically 
determined framework where the distribution stresses due 
given loading invariable, that distribution may here varied 
infinity, infinity, ways. designing, may select any 
one these will, then design the cross-sections suit, and finally 
compute very exactly the corresponding lengths the bars. will 
remain construct them exactly computed realize the designed 
stress distribution. But the structure existing one given 
compute, who can say which one this infinity possible stress dis- 
tributions that actually existing under given conditions? The 
problem actually indeterminate and increasing degree the 

are now prepared consider the subject the title, 
Exact Design Indeterminate Frameworks.” But first, what meant 
Any one familiar with the design indetermin- 
ate frameworks aware that, unlike the design determinate frame- 
works (if neglect the estimation dead weight), the process 
essentially tentative instead direct. That is, given the figure 
framework, certain bar sections are assumed, calculations the 
stresses corresponding made (on the assumption stress under 
load mean temperature), the divergences from the desired con- 
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ditions intensity stress noted, proper corrections the 
sections guessed at, the computations all repeated, new corrections 
guessed at, then new computations made, and on, repeating again 
and again all the work until the result approaches that desired suf- 
ficiently acceptable. But alteration the section any 
one bar affects the stress not itself alone, but many other bars 
also, this process correction not simply exceedingly laborious, 
but, every designer such structures knows, very uncertain; and 
after infinite labor the result obtained usually one, the deviations 
which from the set conditions maximum allowable intensity 
stress are such would not tolerated any good engineer 
statically determined framework. 

design meant: Expressing equations the con- 
ditions intensity stress satisfied the solution under 
the given loadings, and then direct solution these equations, 
without any tentative process (other than that mathematically neces- 
sary solve the equations), obtaining once and exactly the desired 
design, g., the cross-sections and the bar lengths. will appre- 
ciated that such exact method, apart from any question practical 
advantage over the old tentative method, would likely throw most 
instructive light the properties indeterminate designs, which the 
old method could only feebly give through statistics, practically 
not all; and the object bringing forward this method 
simply throw such light; for, apart from the fact that the author 
reaches through this method the conclusion that the best designs 
indeterminate frameworks are necessarily inferior those determin- 
ate frameworks which necessitate such methods, the illustrations 
follow will, among other things, show conclusively that the mathe- 
matical difficulties the exact method render its application imprac- 
ticable general. 

begin with, will consider the simple but very instructive and 
important case design for single given loading, subject the con- 
dition given intensity stress each bar under that loading. 
This case will somewhat briefly treated, since, earlier 
has been fully considered and illustrated. 

pointed out previously, infinite variety stress distributions 


under given loading are all equally possible, regardless the cross- 


Quarterly, June, 1897. Fundamental Propositions Relating 
the Design Those who are interested the subject may obtain copies 


this article from the Secretary, Am. Soc. 
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sections the members. Having selected will any one these 
stress distributions, next design the cross-sections the various 
members carry the stresses thus assigned them with the assigned 
intensities stress, using column formulas not 
only remains determine the lengths the bars necessary ensure 
the supposed stress distribution. may follows: 

the given figure the framework the exact length every line 
geometrically determinate the data for the figure are sufficient, 
and this suppose. Thus, start with, have what may called 
the figure length (where every one the bars. 
Now, know that, supposing the points support fixed, the exact 
position each joint geometrically determined the exact lengths 
from center center joints the series bars g), which 
together form statically determined framework with the same joints 
(see page 573). The lengths the bars m), which have 
termed the superfluous bars, are therefore geometrically deducible 
from the lengths the bars Let assume the actual unstrained 
lengths from center center joints the bars standard tem- 
perature (lengths which may general denote /), the 
figure lengths, that this basis now have determine 
the actual unstrained lengths from center center joints, the 
given standard temperature, the superfluous bars that, under 
the given loading, each bar shall have the stress have already 
determined for it. 

These lengths will not general the the figure lengths 
which may regard exactly defined through the and there- 
fore known. For, under the given loading the are subject 
the stresses and, therefore, longer have the lengths =L,, but 


have the strained lengths where and are the modu- 


lus elasticity and the section area, respectively, the bare. And 
the distances from center center the joints connected the 
bars that the strained lengths the superfluous bars 


are the distances defined and resulting from these strained 
lengths determine these strained lengths the 


bars and design their actual lengths that the 


strained lengths shall correspond their supposed stresses S,, that 


is, that the strained lengths shall then shall evi- 
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dently have made our design secure our supposed distribution 
stress. These strained lengths the bars might directly 
determined ordinary geometrical principles from the strained 


lengths the bars but, since have all the figure 
e 


lengths and may suppose the changes from these very 
small, preferable proceed follows, making use the princi- 
ple virtual work. Let the bars suffer any small elongations 
from any causes whatsoever, then the consequent approach any pair 
joints not connected bar will evidently the same the 
work that would done two equal and opposite forces unity, 
each acting those joints toward each other, through this approach, 
and this external work the pair forces unity would turn 
equal the internal work the stresses balancing them the bars 
would through the elongations the bars Now, these stresses 
the bars balancing such pair equal and opposite forces 
unity between the joints connected the bar 
readily see are the quantities already noted page 573, that 
the approach the joints connected the bar due the 
elongations the bars once see would 
e=1 
our case, the suppose the elongations due the 


stresses S,, that is, have whence follows: 


A 
But the strained length the superfluous bar which also, 


have noted, that find for our desired unstrained 
é i 


length the superfluous bar the value 


= S, l, S; lj 


(where must note that the are all zero for all values from 


For much fuller account the principle here used and its applications, see the 
article the application the Principle Virtual Velocities the Determination 
the and Stresses Professor George Swain, the Journal 
the Franklin Institute, April, Those who are interested the subject may 
obtain copies this article from the Secretary, Am. Soc. 
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The foregoing neglects any temperature changes, but were there 
where the coefficient expansion and the increase temperature 
above the standard used. 

This determination the exact values the bar lengths, which 
ensures the supposed stress distribution under the given loading, 
completes the design, but there still remains matter interest for 
consideration, the primary stresses stresses remaining the bars 
after the loading removed. That such primary stresses will gen- 
eral exist evident from the fact that the superfluous bars have lengths 
differing more less from the figure lengths which would corre- 
spond condition stress standard temperature with 
load. denote the primary stresses (S); then, reasoning 
before, the primary stresses (S,) the bars determine the distance 
between joint centers any one the bars 

e=1 
But this the length the bar under its primary stress, the length 
whence obtain the equation 


such they would accounted for putting 


which, adopting the previous notation, can express the form 
Now, for each the superfluous bars can write out such 
equation, each which contains the primary stresses the only 
unknowns, and they appear only the first degree. But the primary 
stresses (S,) the bars know are expressible terms the primary 
stresses the superfluous bars through the linear equation 


(see page 573), that, making these substitutions 


the preceding equations, they become simply linear equations 
between the unknown primary superfluous bar stresses These 
equations solved, from the now known determine the (S,), and 
all the primary stresses. have only note that the primary 
stresses thus found must less than those occurring under the given 
loading, for the design acceptable. 
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much for the design; now consider certain consequences. Sup- 
pose the section areas were designed the simple rule 


where was the working stress allowed. Then being simply pro- 
portional the stress each section area, and, therefore, the volume 
material each bar, would simply proportional its stress under 
the given Joad, and the total volume would expressed simply 


But the stresses the bars are expressible terms the stresses 
(which would occur them under the given loading there were 
superfluous bars), and the arbitrarily variable bar 


stresses through the linear equation (see page 
573), that ultimately the volume expressible the form 
i=m 
V= C+ Cj S; 


where and are constants. Now, were always the same, 
whatever the might be, would take all values from 
suitably varying the But, actually, are limited the condi- 


tion that must always remain positive, that, any varia- 


tion the the stress any bar becomes zero and changes stress 
the opposite kind, its working stress the same instant 
changed kind, which not only involves change the sign 
but also its value different working stresses tension 
and compression used. Thus, expressed discontinuous 
linear function the independent variables the discontinuity 
which occurs only when some bar stress becomes zero. Such 
tion has minimum only point complete discontinuity, that 
is, where the variation the arbitrary stresses causes bars 
pass simultaneously through zero stress, whence the conclusion: 

The least material required framework given figure 
resist given loading with prescribed intensities stress its mem- 
bers, for some distribution stress which makes zero the stress 
many bars are superfluous. 

That is: 


statically determined framework included figure the most 
economic form framework given indeterminate figure for the 
support given loading. 
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simple and much more objective proof this same fact, the 
same basis, due Professor George Swain, will found the 
article the Technology Quarterly, before mentioned. But, may 
objected that both these proofs are based the simple rule design 


whereas posts are usually designed more complicated 


formulas. Now, can easily shown that the change volume 
given framework due slight change the stress one the 
superfluous bars the framework, independently all others, 
expressed 

where (A,) expresses the relation between the section area 
bar and its stress and the rate change Now, providing 
that case diminishes numerically increases, that is, 
providing that post never gains less strength for given increase 
its area the area increases, will not change its sign from 
negative positive during continuous variation, and therefore chang- 
volume material employed, will continue diminish that volume 
until point discontinuity attained where some section 
reduced zero. before, reach the conclusion that many bars 
are superfluous must have their sections reduced zero for most 
economic proportions. But the condition asto post formula which 
this conclusion founded true all formulas the Gordon- 
Rankine type, those almost universal practice; therefore, the con- 
clusion the superior economy ofan included statically determined 
design holds, under the present standard rules design. 

may note further consequence, relating stiffness. Any 
change the positions the joints, therefore the deflection any 
framework, completely defined the strains the bars left after 
excluding any way many bars are (see page 576). 
That is, the any indeterminate framework from state 
stress under load (the common supposition), its actual state 
stress under given load, precisely the same that any the 
determined frameworks included figure, which may design 
carry the same loading with the same intensities stress the corre- 
sponding But least one these latter frameworks would 


| 
; 
| 


carry this load with less material its bars (see page 579), and there- 
fore stiffer construction, since, with the same amount material 
its bars, its deflections would smaller. 

Thus see that given loading can always carried, with pre- 
cisely the same deflections, with the same intensities stress and with 
less materia] the bars, statically determined framework the 
figure which included that the given indeterminate frame- 
work, than the given framework, which may any whatever. 
These same considerations, simple modification, yield the same 
result applied the cost the material where different materials 
are used, steel cable for tension members and rolled metal for com- 
pression members. 

What the bearing these facts? While true that they 
hold strictly only for the case single loading, their weight for all 
cases very considerable. 

perhaps usually practice, some one loading com- 
bination loadings determines the dimensions almost all the prin- 
cipal members the framework, the members not thus determined 
affecting the total quantity material employed This 
particularly the case for large structures which dead weight plays 
leading part, and where the total quantity material employed 
large that economy this direction particularly desirable. such 
cases one loading virtually rules the economic design, and our fore- 
going results hold approximately true. The consideration the effects 
changes loading these cases, although great importance far 
the strength the structure goes, wholly secondary significance 
our economic point view.” 

With this quotation from the article the Technology Quarterly, 
where all the foregoing will found more fully explained well 
illustrated, will turn the more general and new part the sub- 
ject, the exact design indeterminate frameworks subject several 
different 

Perhaps the most readily comprehensible derivation and most simple 
form the equations whose solution furnishes exact design any 
indeterminate framework given figure subject any given series 
loadings and under any given conditions design, the following 
have already noted page 577, if, under any loading, the 
The author here desires state his indebtedness Professor George Swain for 
the suggestion the possibility such exact design, and, further, acknowledge 
many other valuable suggestions, critical review the present article, 


Professor Swain, under whom the author first studied structures and learned appre 
ciate the superiority statically determined construction. 
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stresses the members denoted then the unstrained length 
any superfluous shorter than the length its line the 
given figure the framework 

And under any other loading, the stresses the same framework 
are then the same quantity given 


But since the amount which the unstrained length any super- 
fluous bar shorter than the length its line the given figure 
the framework not, supposition, subject change, through 
change loadings (or rather, the stresses existing under them), 
will have, for each superfluous bar equation the form 


or, briefer form, 
Now, whatever our rules design may be, the section areas will 
definite functions, some sort, the stresses and the stresses 


are turn linear functions the stresses the 
bars through the equations 


where the are the stresses that load would cause the 
0 
statically determined framework composed bars and the 
are the corresponding stresses which load would cause that 
2 
framework. Thus the equations shown are implicit equations 
necessary relations between the stresses the superfluous 


bars under the various loadings etc. For each bar 
and for each pair loadings there one such equation, that is, there 
different loadings, for each bar there will N—1 such 
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independent equations,* and there bars all, this 
will give total such independent equations between the 
superfluous bar stresses etc. But these latter there are for 
each bar that is, the stress the bar under each one the different 
loadings, and therefore all there are the bar stresses 
between which the above necessary relations 
subsist. follows that the values the (and therefore the design 
itself), possess degree indetermination, that is, general, 
the may arbitrarily assumed, the stress each 
bar under one loading may arbitrarily taken, or, more generally, 
any further consistent relations between the stresses may arbi- 
trarily set, and then solution rigorously satisfying the given con- 
ditions design expressed through the primary equations, directly 
obtained. For, the solution the equations under these circumstances 
furnishes the stresses the bars under all the given 
loadings, thence once all the stresses under the given loadings, 
thence through the prescribed conditions design all the section 
areas, and finally thence, previously explained, the precise un- 
strained lengths the bars. But here criticism neces- 
sary. The complete mathematical solution such set equations 
will, general, consist considerable number separate solutions, 
not all which may real, and the real solutions, some all 
which may inconsistent with conditions design not expressible 
the equations. These will generally conditions inequality such 
that the design thus obtained the most unfavorable demands 
shall those supposed most unfavorable drawing the equations, 
and therefore the basis those equations. For example, the rule 
design being that each bar under its most unfavorable loading shall 
have stress prescribed intensity, drawing the equations, the 
most unfavorable loading for each bar must, advance, judged, 
the equations drawn accordingly, and then the solutions thus 
obtained, which are real (and which will necessarily satisfy the condi- 
tion that under the selected loading for each bar has the prescribed 
intensity stress), must further tested their satisfying the 
suppositions most unfavorable loadings under which the equa- 


*If two extremes temperature were also considered, the effect would 
double the number loadings. Temperature may taken into consideration 
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tions were drawnup. Frequently, none the real mathematical solu- 


tions, where these exist, will satisfy these conditions, and 


limitations arise the arbitrary setting stresses the super- 
fluous bars, more generally, the arbitrary setting additional 
relations between these stresses. Nevertheless, infinity 
designs indeterminate framework given figure, under given 
loadings and subject given conditions design, general 
possible. remains for first note some the consequences, and 
second, illustrate them simple examples. 

One will most impressed, perhaps, the fact the possible 
multiplicity exact and admissible designs frameworks given 
figure subject given loadings. Clearly, any one these designs 
will not necessarily good design, and, therefore, the fact that 
design for indeterminate framework given figure subject 
given loadings, rigorously fulfills the prescribed conditions 
design indication whatsoever that the design question 
approved. Some such designs will far more economic than 
others, that is, will require far less material; some such designs will 
far stiffer than others, will have other points superiority. 
Our end not simply obtain any such design, but the best such 
designs. 

But what the best such design? Suppose say that design 


which most economic material the best. The material the 
bars expressed 


which function, through the prescribed conditions design, 
the bar stresses that is, finally, the superfluous bar stresses 
may determine mathematically the necessary relations for this 
minimum, make these the additional arbitrary relations and thus 
obtain the most economic solutions. The most economic these 
economic designs will that sought. Theoretically the way clear. 
And what will the nature this most economie design? longer, 
the case design under single loading, will necessarily 
some statically determined framework included figure. The fact 
that the volume material longer expressible any basis 
design linear function independent variables would alone 
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suggest this, and illustrations may easily found which conclus- 
ively prove it. But, will later shown, this possible superiority 
indeterminate design, which will only occur when structure 
subject very diverse principal loadings, and not all, but 
small degree, large structures, the dead weight which prom- 
inent, never likely considerable, and only exists all through 
the neglect temperature stresses which the indeterminate 
structure subject where the determinate structure not, and the 
further neglect all consequences dimensioning and work 
erection other than the most extreme accuracy, the neglect any 
lack absolute resistance all supports, and the neglect any 
yielding the joints and set other yielding under operation; all 
which must practice exist, and considerably affect the indeter- 
minate construction where they inappreciably affect the determinate. 
Finally, simply interesting although perhaps not practically 
important fact, may observed that combination statically 
determined designs, figures included within that given indeter- 
minate framework, what the author calls multiple design, series 
different loadings can always carried more economically with 
determinate stresses than even the most economic single inde- 
terminate designs the given figure, that the conclusion abso- 
lutely warranted that: 

self-interference with efficiency.” 

Turning the question stiffness, but little can added 
what has already been said. Indeterminate designs subject several 
loadings will general have deflections different character from 
those any one the determinate designs included figure. is, 
therefore, impossible set any basis comparison that would not 
once much criticism. will merely observe that 
the comparisons between such structures, with which familiar, 
have usually been made most unfair bases, and some too generally 
accepted conclusions, notably the comparative stiffness three- 
hinged and two-hinged hingeless arches, are not justifiable. The 
writer’s own very limited but fairly equable comparisons show clearly 
that very marked superiority can attributed either type 
this respect, and that points superiority one are offset other 
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points superiority the other, that nothing but debatable 
conclusion any case possible. Some later illustrations will make 
this clear. And fairness must conceded that the fact that 
certain cases, the attempt secure static determination through 
the use certain devices, play has been introduced most objection- 
able connection with loads moving high speed, only shows the 
defective character the devices used, and wise attains the 
principle the application which does not necessarily involve the 
use these devices. 

Lastly, what the superior safety frameworks with superfluous 
bars? Since there are superfluous bars there are bars the rupture 
which does not necessarily involve the failure the framework, and 
this certainly element safety; but, generally, not every bar 
may regarded superfluous bar, that indeterminate 
framework the rupture some bars would not less necessarily involve 
the failure the structure than the case determinate frame- 
work. Finally, even the bars the omission which would leave 
the remaining portion statically determined, and, therefore, which, 
from this point view, are not essential, some, perhaps many, will 
such actual importance the structure that their removal 
would result serious overstrain some the remaining bars, and 
thereby failure; while those still remaining the sudden rupture 
some and the accompanying shock would fatal the structure. 
The superior safety due the use superfluous bars evidently 
very limited; and, when note that the statically determined 
structures require less material satisfy the same conditions 
design, becomes questionable whether for equal amounts 
material the determinate design, which would then have lower unit 
stress than the indeterminate design, would not, therefore, least 
safe. 

Turning from these general considerations let examine little 
more closely the equations through the solution which exact 
designs are obtained. The implicit and symbolic form which 
have stated them gives them most deceptive appearance 
simplicity which very far from corresponding with facts. 
explicit form should find each equation consist series 
terms the form fractions, each fraction having for numerator 
linear function the variables but for denominator linear 
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higher degree function the variables, according the complexity 
the rules design used, and, very likely, would not whole 
integral function. The simplest possible rule design, making 
the section areas simply proportional the greatest stress borne— 
which the common rule for tension members—makes the denomi- 
nator linear terms the variables But theintroduction post 
formulas the Gordon-Rankine type, now generally used, once 
would introduce fractional functions the variable into the denom- 
inator. Now, these equations fractions have most delusive appear- 


simplicity. Only when have accomplished their reduction 


whole integral equations, very considerable although theoretically 
simple undertaking itself, are able form some conception 
what involved obtaining solution. Then discover that 
have series simultaneous equations higher degree than the first 
between numerous unknowns. The indetermination been 
removed the introduction suitable arbitrary relations, per- 
fectly well-known methods elimination, these equations are event- 
ually reducible single equation with one unknown, the solution 
which then numerical methods (for, course, are dealing 
with equations with known numerical coefficients), offers theoretic 
difficulty; but practically any actual case the work involved would 
appalling. And then the solutions obtained may prove worthless, 
they may not consistent with the suppositions which the 
equations were drawn up. The number such possible suppositions 
will generally very considerable, and may well happen that many 
trials will necessary before admissible solutions will found, thus 
multiplying the labor many times; and, wished complete 
our mathematical solution, all the possible suppositions should 
examined, making undertaking from which even the bravest cal- 
culator might well recoil. 

order give conception, even though faint, the appearance 
one the primary equations when written explicitly, but simply 
and fractional form, such equation for the bar when there are 
only the two different loadings and and when the basis design 
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e=g (S, 


i=m 


2 ish 

+ (Sn, — Sing) + 2 i=m 

1 t= 


Here, itis supposed that bars and the particular super- 
fluous bar for which the equation written, have their greatest 
stresses under the loading while the bars g), have their 
greatest stresses under loading equation still abbre- 
viated and symbolic form, being only written part and shortened 
the use the symbol Remember that for each remaining the 
superfluous bars there similar equation. These equations 
cleared fractions would each the degree the 
that is, degree one higher than the number bars the frame- 
work not superfluous. Had there been different loadings instead 
but two there would have been not simply such equations but 
such equations, previously pointed out. But this not 
all. These equations were drawn the supposition that certain 
bars had their greatest stresses under loading the others their 
greatest stresses under loading may may not find solutions 
consistent with this, and, any case, should 
investigate all other possible cases which are number, that is, 
should investigate, perhaps solve, such sets equations. 
But had loadings instead only two, this number possible 
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cases for investigation would have been further and greatly increased. 
will seen that complete, exact, mathematical solution, even 
the simplest possible conditions design, involves great labor, 
very rapidly increasing the number bars the framework 
increases. The justness the statement, made earlier, that the 
exact method was not thought for use practical designing, 
will now perceived, and thought that the illustrations following 
will amply confirm this. But since exact methods are not applicable 
practice, and the tentative methods the past will continue be. 
used, and best can never give better than most imperfect results, 
the impossibility benefiting through the use indeterminate 
designs, even their theoretically possible advantages, will clear; 
final and fatal fact for the adherents such construction. ever 
ideal has been completely vindicated increased knowledge 
certainly that the statically determined construction frameworks. 


work the form and dimensions shown 
Fig. that shall support either 


the pull horizontal direction, thus the weight 
IG. B. 


w 
thus that each bar, under its most unfavorable load, 


shall have stress the mean intensity tons per square inch. 
Denoting the diagonals the numbers and respectively, and the 


vertical the number (see Fig. D), and calling the loading 
D. 


with the horizontal pull the loading and the loading with the verti- 
cal weight the loading let suppose that the bars and the 
maximum stress occurs under the loading and the bar under 
the loading that 


the bar being designed under tensile stress and the bars and under 
compression. 
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Treat bar the superfluous bar. Then unity tension would 


cause compression 0.707 each the bars and 


S', 0.707 (see Fig. E). The apex the triangle sinks more 
under the load than under the pull 


and, noting the values and this gives the simple relation 
P P 


So, = S', 83, 0.707P 0.7078; 
ow 
that the relation may written 
P Ss, P + 83, 
or, clearing fractions, 
the following relations: 


area and bearing together whereby their junction sinks the full 


allowable strain 

note that the primary stress bar since does not 
vary with and the primary stresses and are 0.707 

will seen that the bar can only used advantage when 
greater than which will suppose the case. 

Since and are most efficient resisting have supposed 
them designed under while which only efficient resisting 


te 
H | 
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have supposed designed under Thus must satisfy the 
inequalities 


Ip = 


The latter pair inequalities are necessitated the primary 
stresses. 


under these circumstances, and constant. For economy then, 
must choose within the above limits that, while satisfying the 
remaining inequalities, Shall small possible. 


9025 15625 


28.2 9.4 tons, 65.8 tons, which the former excluded 


Taking the solution 65.8 tons, obtain the following: 


With load 100 tons, 24.18 tons, 


The section areas are: (bar 4.95 sq. ins., (bar 


12.02 sq. ins., and (bar 13.16 sq. ins. 


The volumes are: (bar 840.0 cu. ins., (bar 039.8 cu. ins., (bar 
cu. ins., total 459 cu. ins. 
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Consider the following comparisons: 


The statically determined form has areas (bar 16.97 sq. 


ins., (bar sq. ins.; and volumes (bar 879.8 cu. ins., (bar 
400 cu. ins., total 279.8 cu. ins. 


The statically determined form areas (bars and each 


14.14 sq. ins.; and volumes (bars and each 400 cu. ins., total 
800 cu. ins. 


But the combination multiple” form for and 
for has areas (bars and each 8.48 sq. ins., and (bar 
and volumes (bars and each 440 cu. ins., (bar 960 cu. ins., 
total but 840 cu. ins. 

This illustrates clearly how the indeterminate form may more 
economic than any single included determinate form, yet not 
economic combination determinate forms. 

The second value 9.4 tons), excluded the condition 


appears the solution correctly one the answers 


the unrestricted problem. This partial exclusion solutions, pre- 
viously noted, would usually occur problems this description, 
and often not even one the solutions would admissible under the 
limitations prescribed. 

Thus, this Sip being tension and being compression, the 


the equation 


quadratic, which 26.056 one root, and the corre- 
greater than 26.056, there would admissible solution. 

first glance would seem that the greater the smaller 


this becomes 
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relation between and and put obtain the con- 
dition 


and substituting this the equation relation between and 
obtain the quintic 

One root 19.168, and the corresponding (minimum) value 
65.14, which gives only slightly more economy 
than 25. 

Thus far have examined only the case bars and with 
maximum loads under and bar with maximum load under and, 
were not, perhaps, necessary, but apparently are essential economic 
solutions. the other hand, although the argument that the bars 
and should have their maximum loads under for most economic 
design looks reasonable, may misleading, let examine some 
further cases. 

second case suppose bar have its maximum stress under 
(instead under P), bar having its maximum stress under 
and bar its maximum stress under before. Here will 


designed under compression. The equation 


and 


which, cleared fractions, gives 
this case 


= 
| | 
S; Ww 
} 
= 
4 
j 


f 
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0.707 (P+ 
clear that for economy must aim make small 


first two these conditions combined require 


Now, diminishes with these values, and they alone 


tons, and this the least allowable value this case. 
The corresponding values are: 

Vol. bar vol. bar 800 cu. ins., 

Vol. bar 600 cu. ins. 

Total volume bars 200 cu. ins., which considerably 
more economic design than that our first case. note that, 

third case, suppose bar has its maximum stress under 
but bar has its maximum stress under and bar has its maximum 


: 
5 


<0. This latter follows from 
and 


following the first are numerically less than unity supposition, 
impossible. 


Sip 
S, Ss 


cu. ins. This will bea minimum 


Total volume, (60 100 200) 280 cu. ins. 
This solution statically determined form. 
fourth case let all the bars have their maximum stresses under 


4 

| 

4 

t 
: 

j 

3 
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Here and consequently S,, the primary stress 


Total volume (200 25) 200 cu. ins., which identical with 
the most economic design the second case. 

might consider further cases which bar was designed under 
the load but seems sufficiently evident that these could not 
economic designs and need study. 

The final conclusion that the most economic design all bars 
have their maximum stresses under the vertical load, and one the 
bars has the same stress under the horizontal pull, result somewhat 
different from that anticipated the outset. 


last study, suppose were required that the frame should 


support any one the three loadings then 


solutions the first three these preceding cases would not 
general apply, since they are non-symmetrical. But solutions the 
last the cases preceding evidently would apply, since they 
symmetrical, and the most economic solution will the same here 
there. That say, the design with 10.60 sq. ins., 
sq. ins., and having volume 200 cu. ins., and primary 
stress the vertical tons, the most economic design for the 
three loadings shown. This economic the best design for 
the smaller number loadings, but usually the economic design for 
the smaller number loadings will the more economical, and, 
evidently, will never the less economical. 


Gs 
Ssp 
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This example, perhaps the simplest that could selected the 
design indeterminate frameworks subject multiple loadings, will 
furnish conception the difficulty, rather the practical impos- 
sibility, any general application such analysis. Here, for single 
solutions independent limiting conditions, the solution quadratic 
equations was necessary, one the cases the solution quintic 
was involved the determination economic proportions, and last, 
but perhaps not least, the examination numerous cases defining 
loadings together with puzzling questions connection with limiting 
conditions, had gone through with before the most economic 
design was found and established such. any other case the 
work of. this case (which hardly more than outlined here), and the 
difficulties would multiplied many fold. The equations would 
much higher degree and simultaneous, the different cases defining 
loadings examined would far more numerous, and the con- 
sequences the limiting conditions would infinitely more 
and difficult trace out. problems practical description the 
quantity and complexity the work would such that safe 
regard prohibitive. 


ILLUSTRATION THE DESIGN INDETERMINATE ARCH UNDER 


second example consider the two-hinged arch shown 
Fig. 

The dimensions 
the arch are 
Span, ft., divided 
into four parts 
ft. each the upper 
chord, the rise being ft., and the quarter points being the 
parabola through the vertex and the supports. The middle tie 
ft. long and ft. from the vertex and all other dimensions follow 
shown. 

The arch being symmetrical, most desirable denote corre- 
sponding bars clear manner, which has been done giving each 
symmetric pair the same letter, and following with sub- 
script distinguish the bars the left from those the right. 


L 
L | 
i 
= 
7 
| ke 
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The middle bar, which 
alone has duplicate, 
has been denoted 
the single letter (see 
Fig. 2). 

The bar will treat 
the superfluous bar. 

will suppose only 
the three upper chord 


loading, neglect dead 
weight, and consider the 
various loadings formed 
applying the same 
vertical load any 
one more the three 
points. Denoting the 
load the left, center 
right joint, have 
single and combined 
loadings the eight cases, 
LC, CR, LR, 
LCR, and ‘‘no loading,” 
but these and 
and form sym- 
metrical cases, reducing 


q 


the loadings requiring 
separate consideration 
six confine our- 
selves symmetric de- 
signs. And only two 
these loadings, addi- 
‘tion the case 


a z 
Fia. 
} 
| 
+1 
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§ 
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iS 
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require separate calculation, since the others can obtained 
through suitably combining these. 

The stresses under these various loadings occurring the statically 
determined form, that say, the three-hinged arch remaining 
when the middle bar omitted, are shown Figs. 
and 

will observed that the stresses Figs. and are 
obtained from Figs. and simply addition. 

Denoting the stresses under load (Fig. S,, S,, S,, 
simply, find that the stresses under load (Fig. may very 
conveniently expressed terms these, and similarly for all the 
other loadings (Figs. and 8). 

Moreover, comparing Fig. with Fig. also note relations 
such that the tension were then the stresses, terms 
those Fig. would shown Fig. Therefore, for con- 
venience the following will express all stresses terms 
omitted from the equa- 
tions, but which must 
taken into consider- 


ation when come 

Fig. shows the maximum bar stresses the three-hinged 
arch together with the loads under which they occur. The bar 
volumes and total which would correspond this design are 
also given. have find what economy over this can secured 
through introducing the middle bar and making the design inde- 
terminate. 

order enable form conception the changes 
stress the indeterminate design, will service 
know the changes the middle bar distance under the various 
loadings the case this determinate three-hinged design; 
for the indeterminate design certainly will have somewhat similar 
Now the areas are the maximum stresses given Fig. 
divided the working stress; the quotients being taken posi- 
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max 


values with the signs the and aid these the values 
max 


exceeds 60. When the bar introduced, that must resistent 
reduce the range within since being ft. long, may 


not vary more than way from its mean. 

Now consider the stresses shown Figs. and their 
modification through introducing bar aid the stresses shown 
Fig. Fig. and the light this last data the character 
the variations see readily that for greatest economy 
equal but opposite 
sign that under 
CR, and simi- 
larly under equa 


but opposite sign 
that under There- ‘Load CRorLR RorL 


fore the primary stress 


should equal but opposite sign that under the 
full load LCR. This requires that with each point the 
bar shall free from stress. The greatest stress and 


therefore the material used making its greatest strain but 


would also least for this condition design, that seems prob- 
able that this will furnish not the, most economic, indeterminate 
design. Only the volumes the bars and would favored 
further increasing the resistance under the loading LCR, and 
does not seem probable that gains there would offset the consequent 
losses the bars will therefore seek the particular 
solution for which the stress would zero with point, 
therefore, for which the stress under the various loadings gives the 
(the primary stress) say. 


are now confronted with the question: Under what loadings 


} 
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will the bars probably have their maximum stresses. would seem 

likely that, the three-hinged arch, and have their greatest 

stresses under under and L(CR and and 

judging the data Fig. 11, under (and C). will, therefore, 

first proceed this basis. This gives the expressions for the section 

areas and the Figs. enable write the stresses follows: 


a 


ad 
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suppose the coefficient elasticity the same for all bars, 
therefore, between any two loadings, and (no loading), 


have equations such =0. Writing these for the 


three pairs symmetric loadings LCR and and and and 
have— 


(13 + la + 3S,S31, 


Now, the first the above equations add twice the second 
and then subtract the third, obtain the simple relation 
This might otherwise have perceived from the following 
reasoning: The loading obtained adding the loading 
adding the loading the loading And 
half the difference these additive loads (viz., 
which would cause the same strain the loading 
loading This check the above equations. 
Substituting the second and third these equations for 


28 S3 


| 
| 
q 
; 
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1, 


and 

3 2 a 5} “a 


The coefficients each the above cubics contain the 
variable and otherwise only known quantities. Between the two 
cubics could eliminate obtaining relation between the 
cients which, cleared fractions, would yield equation about 
the twentieth degree This could then solve directly. Or, 
assuming series values and determining the correspond- 
ing values from the cubics, can plot the curves part for 
each the above equations, and their intersections will furnish the 
common roots. Adopting this latter method, find— 


Plotting these, find intersection the curve the second 
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approximately the solution sought. From these values and 


which contrary our supposition that has its 
maximum stress and designed under the loading All other bars 
have their maximum stresses supposed. must therefore sub- 


But this gives 


stitute for its previous value, rewrite our equations and 


solve again. This affects only one denominator our equations 


(page 602), which thus changed become (the last two only being 
written), 


0 


e 


Making the substitution for and clearing fractions 


before, obtain two equations, the first biquadratic, the 


392 


| | 
} 
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and 


208 
160 +160 

+196 


208 
Solving these equations just the preceding case have the 
following: 


Graphically interpolating, find approximately 0.0990, 
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Applying the formulas for the bar stresses written out page 
601 obtain the series stresses under the various loadings 


shown here figures 
figures page 598). 
But observe that, 
contrary our sup- 
positions, the greatest 
stresses the bars and 
not occur under 
LCR under 
{and LC). Under this 
latter loading the upper 
chord stresses are 
greater than under 
the full loading. The 
design not, therefore, 
admissible, but since 
close approximation 
note the volume 
material takes and 
compare with that for 
the three-hinged arch. 
The section areas are 
shown Fig. 12, below 
which are the bar vol- 
umes. spite the 
overstrain the bars 
under the load- 
ings and the 
economy but some 
44% over 
hinged arch (see Fig. 10, 
page 599). 


SS 
on 


Section areas 
Bar 
Volume 
Total 


have now solve the supposition that all the bars except 
and have their greatest stresses under the loadings and 


that now 
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have, therefore, 


These contain only the variables Writing out terms 
obtain the equations 


5% 


where 


Here our equations are much simpler than before, one being linear 
and the other quadratic readily eliminate obtain- 
ing equation the eleventh degree but will simpler 
proceed before assuming values computing and graph- 


ically obtaining the common roots. 


Graphically interpolating find 


A, 
q 
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obtain through the formulas for bar stresses page 601 
the series stresses under the various loadings shown here 


This time the great- 
est stresses all occur 
under the loads 
assumed, and the solu- 
tion here obtained 
therefore that sought. 

The section areas 
are given Fig. 13, 
together with the load- 
ings under which they 
are designed. And be- 
low are given the vol- 
umes the bars and 
the total volume (com- 
pare Fig. 10, page 
599). The economy 
thus obtained over 
the three-hinged arch 
proves but per 
cent. 

may test the 
work computing the 
shortening the line 
length 
when the bars 
and all have 
zero strain. have 


St 


(if 


write always +). 


max 


The values 


being shown Fig. 14, obtain, aid the stresses 


Bar 

Bar 


Section areas 


Total 
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Subtracting from the others the value for (LCR) when the bar has 
strain, obtain times the actual strain This should 


+10 (more accurately +/, which somewhat less than ft.), for 


respectively, and 5.361 for LCR and load,” 


respectively. Even these, which are trifle too large owing the 
value used, check within within the probable error from 
keeping but four significant figures the calculations. 

The normal unstrained length the bar zis its length under 
the loading which makes its stress zero, that each panel 


point. This length (10 18.556 


per square inch, and 000 per square inch, this correction 
0.00618 ft., the corrected length being 9.99382 ft. seen 
that error ten- 
thousandth foot 
would sensibly change 


the strain, and the same 
true the other bars. 
ensure the distribu- 


tion the stresses —5.358 —2.314 +2.315 +5.356 


here calculated, within, say, 1%, the bar lengths should all calcu- 
lated five decimal places and single errors the finished structure 
should not much exceed unit the last decimal place. That is, the 
bar lengths should true about one ten-thousandth inch; 
certainly closer than one-thousandth inch. And must 
further suppose comparable yielding joints abutments. 

The relative stiffness the indeterminate design just obtained 
compared with that the determinate (three-hinged) design 
matter much interest, since frequently claimed that the two- 
the stresses the three-hinged arch due vertical load unity 
any joint and the actual stresses the bars under any given 


loading, either design, then will give the sinking the 


joint question under the given loading. The values for load 
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unity the middle joint the right upper chord joint readily 
obtain from Figs. and the values obtain from Figs. 
and Figs. and and the values from Fig. and 
Fig. 13. note that for the indeterminate design ‘‘no load” also 
gives deflections, 3.72 the middle joint and 6.19 the 
side upper chord joints. The deflections, corrected above for the 
indeterminate design and without the factor 


are follows: 


Plotted 


Full line for Three-hinged arch. 


note that the deflections differ character the two cases. 
The greatest deflections not occur under the same loadings. The 
greatest side joint deflection the three-hinged arch some 
greater than that the two-hinged arch, but the greatest center 
joint deflection the three-hinged arch some less than that 
the two-hinged arch. The center are little more than half 
the quarter deflections both cases. Practically one arch about 
stiffas the other. Certainly the existence the middle bar the 
two-hinged arch does not appear have given pronounced 
advantage. 

the indeterminate solution which have found one greatest 
tinuity the variation the material used. That is, under our con- 
dition equal maximum stress, the compression under were 
slightly less, the tension under would slightly greater, 
and would determined under the loading and and 
would determined under the loading But the compression 
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under were slightly greater, the tension under would 


slightly less, and would determined under the loading 
and would determined under the loading LR. For, 
consider the three equations between and Rand and 


+144, 


144, 


Remembering that the are all very small, and noting the two 


equations page 607 and also the equation formed their difference, 


the equations just written may reduced to: 
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These are three linear equations between the four quantities 4,, 4,, 
and these equations may reduced the numerical 
equations: 


Thus the are all stated. But this change then increases all 


therefore increases the material employed. 

Now, consider the similar equations between the loadings and 
dand are designed under CR, under LR. may 
once write them down the second form, the change being simply 
have fraction for coefficient. have: 


4-148, 
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under CR) are: 


S! (Str- Sr) l 


which give.... 


[Papers. 


These give three linear equations between the four quantities 4,, 
which may reduced the numerical equations: 


Thus the are all the same sign, negative, and dand have 
their greatest stresses under CR, and and theirs under LR, stated. 
The changes volume due achange (increased compression 
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21.154, 


Thus this variation also increases the material used, the saving 
material the bars being considerably more than offset the 
increased material the bars Thus the indeterminate 
solution have found point discontinuity which point 
greatest economy. Now readily shown larger primary 
stress always less economic, and simple investigation shows 
that the smaller the primary tension and therefore the greater its 
greatest compression, the less saved the bars and compared 
with that expended bars This solution therefore 
the most economic symmetric solution; and investigation shows 
that unsymmetric solutions are less economic than the symmetric, 
may conclude that the design obtained the most economic solution 
the given two-hinged arch for the given loadings, the basis 
uniform greatest mean stress designing. 
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Now, the economic superiority this most economic indeterminate 
design over the simple determinate design (the three-hinged arch), but 
some (see page 608). Such small saving, all other things were 
equal, would hardly worth the labor seeking; but recognize 
that, aside from the difficulty determining the design, other things 
are not all equal, for, actually realize the stress distribution 
accurately really preserve the advantage, 
extremely accurate and therefore expensive work would necessary, 
and also very rigid and therefore expensive abutments. Then, once 
constructed, set may occur under use, would not 
maintained supposed; and last, but not least, changes tempera- 
ture are not allowable since they would greatly change the stresses. 
Thus, with 000 per square inch and 000 lbs. 
per square inch, change 0.064 ft. the span would cause stress 
inthe bar and the corresponding stresses the remaining bars 
000 000 


per degree Fahrenheit, 100° Fahr. would correspond change 


(see Fig. Fig. 9). With coefficient expansion 


This result shown Fig. 15. And while 100° Fahr. change from 
the méan (that 200° 
Fahr. range tempera- 
ture), may excessive, 
even take only half 
that 50° Fahr. change 
(100° Fahr. range), 
get temperature stresses half those shown Fig. which, 
comparison with those Fig. 13, see are some 45% the greatest 
that and that That these stresses, absent from the 
three-hinged arch, turn the balance completely its favor, many 
times offsetting the economy the two-hinged arch found 
neglecting temperature changes, self-evident any impartial 
student the subject. 

Finally, may note that even the theoretic advantage the 
two-hinged arch can exceeded without the use indeterminate 
construction through the use what has elsewhere been termed 
construction.” Thus have the three-hinged arch design 


Temperature stresses for +100 Fahr. 
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Fig. 16, capable supporting all the loadings except with 
stress less (see Figs. and 7). For the load LCR 


introduce bar area give the junction the bars and 


freedom move vertically with respect the junction the bars 
with the remainder The resulting stresses this framework, 
which statically determined, are shown see that 
these stresses are equal less than the designing stresses shown 
Fig. 16. The construction permitting this might any such 
would ordinarily leave unstressed, but, the insertion wedge, 


cause take compression when desired, while the joint 
could the same time 


freed from the joint 
another wedge. But 
suffices note that the 
construction possible; 
with the mechanical de- 
tails are not here 
concerned. 

The volume ma- 
terial here, shown 
under Fig. 17, some 
14% less than that re- Bar 
quired the most eco- 
nomic indeterminate de- 


sign. Very possibly other multiple determinate designs might found 
with still somewhat more economy material. But with these 
need not concern ourselves, the essential point being simply that, 
has been stated previously, there will some statically determined 
method solution more economic than any indeterminate solution, 
even the theoretic conditions most favorable the latter. 
not intended intimate, however, that these multiple determinate 
solutions are general desirable substitutes for the simpler but less 
economic single determinate solutions. The solutions 
present more less considerable mechanical difficulties their 
adaptation practical use, and while these difficulties are not 
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insuperable, fact, perhaps, are less considerable than the exact con- 
struction indeterminate framework, they would probably pre- 
vent their use where the saving was not considerable. case like 
the present, where the saving would but some 5%, hardly likely 
that they would used. 

This simple example the indeterminate arch, although valueless 
design because the neglect post formulas, comparative 
study, affected little such considerations, and illustrates very well 
certain points economic design. While, theoretically, the indeter- 
minate framework may give more economic design for several 
loadings, than does any single determinate framework included 
figure, the amount such theoretic advantage considerable only 
most extraordinary cases; and there would probably pay use 
multiple determinate design which would still more economic. 
all cases where the figure the simple determinate design closely 
approximates the figure the indeterminate design the theoretic 
advantage possible through using the latter will certainly insig- 
nificant. Actually, owing temperature stresses, etc., that advan- 
tage will not exist all. Again, the structure becomes larger, and 
the variations stress due variable loadings affect smaller and 
smaller parts the structure sensible degree, the possible 
economy indeterminate construction proportionally diminishes. 
may safely assumed that actual structures (as arches and sus- 
pension bridges), theoretic advantage even cannot exist 
the most economic indeterminate design over the most economic 
determinate design included figure, even when temperature stresses 
are neglected. doubtful ordinarily economy could 
found; and temperature stresses alone would offset such advantages 
several times over all cases. This illustration, then, definitely con- 
firms the view that the use indeterminate frameworks certainly 
not advantageous from economic standpoint, nor apparently from 
any other standpoint. 
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The following brief outline the methods and results 
systematic study data taken the Mississippi River and its tribu- 
taries. The system rivers, the principal drainage divisions and 
number locations which will necessary refer, are shown 
the map (Fig. 1). 

the writer satisfied that this study has now reached such 
point that will enable river engineers see clearly what observa- 
tions should made and what conclusions might drawn from 
them, thereby being the means saving much time and money, 
has ventured is, notwithstanding the fact that contains 
number questions yet unanswered. 

lished field science, the relation between phenomena and their 
fundamental principles all that need considered, but some- 
what different where the phenomena are simply mass 
fundamental principles are given. such cases the first step 
find the relations between the given facts; the fundamental prin- 
ciples which these relations are included will come later. 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 


sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings. and, when finally closed, the papers with discussion 
full will published Transactions. 
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This the manner which this study was made, and its results 
here presented. The data are subdivided into the different classes 
which these simple relations fact were first sought, and 
analysis then given which these again are all included 
fundamental relation. 

presenting these relations fact, each which has been dug 
slowly out great masses data various rivers, some cases 
covering periods half century, the writer has each case used 
illustration single instance the relation its simplest form, 
and has noted briefly the variations from this simple form which may 
occur, and their causes. Thus, the relation between the gauge read- 
ings along the river for its own one these primary relations, 
while the effects flood out tributary between any two the 
gauges, the cutting through bend and change channel 
near one them, are considered variations. 

Anyone may test the relation easily, referring the published 
data the cases given; but, after that, should understood that 
the relation not discredited selecting other periods, which 
not simple, without the same time considering their varia- 
tions. The whole conclusion lies often hundreds and sometimes 
even thousands plates data, which, course, cannot given 
here, and, far, the writer must trusted. The test comes the 
application the final analysis, and, this bears the test, will not 


necessary for anyone else through again the laborious process 
which has had follow. 


Section Data. 


not the purpose here attempt add anything data 
the theory velocity-slope relations; nor, indeed, important they 
are the engineer who lays pipe builds conduit, consider 
them even directly. Where man makes the form and sets the slope, 
the resulting flow the one thing that know, but 
flow makes its own form, and very irregular one, and distri- 
butes its slope that may almost all concentrated certain points 
one stage, with little none there different stage, there not 
difficult measure than 


course the fall determined quite accurately over long reaches, 
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but determine the values ofthe mean velocity and the mean hydraulic 
radius which correspond may require year’s observations and 
survey, while these are taken the selected section the slope there 
may found even reversed, the water surface may found 
slope the opposite direction the flow. not all impossible 
that, taking hundred miles river mile wide, this formula may 
certain cases express the general relations quite well does 100 
ft. pipe ft. diameter, but such relation the river wholly 
useless; while equally possible that, the relation were sought 
1-ft. length the pipe, would found altogether erratic 
for the selected section the river. 

True, there difference between the foot pipe and the mile 
river; the theoretical equivalent probably given more nearly 
relation between resistance and momentum, the lengths fall 
equal the given velocities; but, addition this, the give and 
take stored energy the considered. The Lower 
Mississippi its bank-full stage has least range from 000 
000 foot-tons the energy its flow, and the play such 
balance wheel local slope-velocity relations very naturally are oblit- 
erated. 

Not only, however, are such local relations looked for 
rivers, but also, even such general relation should exist one 
stage, such general relation all stages means follows. 
many cases the alternations pool and bar low water not differ 
greatly from chain small reservoirs, each emptying through 
weir into that below it; and that case the level and the discharge 
each are not affected the least the vertical distance which one 
may put below the other. True, they may wear under the fall, 
unless the pool deep enough and the material stable enough, but 
the only slope relation there this limiting relation with the size 
the pools and the character the bottom. 

Where the bed unyielding and such condition has simply been 
formed the slow process geological periods, the diseharge from 
pool pool function slope whatever, but function stage. 
Were the connections plain weirs given forms, might 
lated for any level, but more the nature chain drowned 
weirs very irregular forms, the only way get measure it. 
either case, however, wholly independent the different slopes 


q 
q 
{ 


Papers.] SEDDON RIVER HYDRAULICS. 623 


between the rising and falling river, and determined solely the 
pool level. 

But the concentration slope between the pools low water may 
entirely reversed high water, and the narrow sections there con- 
trol the flow into the series shallower but broader levels between 
them; this case, the type control has passed from that 
horizontal weir that vertical orifice, but one just arbitrary 
and just independent general slope the other. 

However, passing from one these extremes the other, the 
river would pass through stage where something like general slope 
relation might said control flow; and here would probably 
have larger discharge the rising river and less discharge the 
falling river, each some proportion the rapidity the rise 
fall. And this the only point such river where velocity-slope 
relations, even they could found, would have any application 
whatever its phenomena. 

may well, finally, note distinctly that the physics such 
river may thoroughly known and fully understood, but this would 
hardly called hydraulics; for, the main, begins and ends ina 
system observed facts, and conventional hydraulics throws not 
light the actual proportion which its elements should stand; 
they have all simply measured. 

much for the river which not alluvial; what follows will deal 
strictly with the alluvial river, where the flow handles readily the mate- 
rial its bed. such ariver, then, that limiting relation referred to, 
its slope with its form, actual one. simple cases, this 
easily made subject experiment. material from the bed any 
such river put inclined plane, astraight channel made through 
it, and given flow which will move the material turned into it, 


and only one form for given inclination. 
Two sections from such series experi- 


ments made the writer are given Fig. 
show this effect slope straight 
channel. They serve very well illustrate 

the wide difference the types different rivers and its cause from, 
say, the Platte River one extreme, where, with fall some ft. 
more the mile, simply runs over the surface the country, 
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the Lower Mississippi New Orleans the other, where, with little 
slope, maintains channel depths 100 200 ft. below the Gulf 
level. 

But alluvial rivers are not straight, and neither would these experi- 

mental sections remain so. Such equilibrium simply balance 
forces, and not necessarily the only one the most stable one. 
Indeed, the higher slopes are experimented with, the equilibrium 
the straight reach seen very clearly less and less stable. 
still marks well-defined point the experiment which the flow 
can cut off and the section measured, but the extremes there 
really time when the movement material the straight reach 
can said have absolutely stopped everywhere, and goes 
the formation bends and crossings, each with more less accident 
its location, with hardly pause this, its first and simplest but 
less stable form equilibrium. 

With given discharge and slope, the equilibrium the straight 
reach has the advantage being everywhere identity form 
which may reproduced readily and recognized easily. But though 
its final equilibrium not identity form anywhere, and its acci- 
dental distribution bends and crossings cannot reproduced, 
whole, less certainly identity effects for the same causes. 

But, even with all the freedom the variations bend develop- 
ment which the final equilibrium offers, this but the element the 
actions which are going the alluvial river. For given discharge, 
the bed everywhere adapting itself the given slope, while read- 
justing this slope over pools and bars its most stable equilibrium, 
but the river its season has all discharges from its high-water its 
low-water extremes, and different extremes different seasons; and 
these all work each other over, and the results all are over- 
laid the existing conditions any time, they very naturally pro- 
duce the endless change section and the infinite variety form 
which are found the river, the special studies which are perhaps 
fruitless the study the differences which may found the 
leaves the same tree. 

measure this with anything like thoroughness large 
river, the first place, requires great deal field work, and then 
begins the difficulty knowing what with it. The general type 
the river and the geographical outlines its bend development 
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are evident, while the distribution slope resulting therefrom may 
followed roughly through the different forms the river its 
pools and crossings. But, further and try express 
systems averages, follow the general method compiling 
all the elements cross-sections, can hardly said have been 
found satisfactory, either theoretically practically. The 
phenomenon some form sequence which known elements fully 
express, while average things which are necessarily different 
obscure their meaning more less. 


However, important note here certain facts regard 
cross-sections. the Lower Mississippi, where they have been 
studied most thoroughly, plain that the cross-section any 
point may not represent the bed the river there within the limits 
some ft. That is, the mean elevation the bottom this 
line may have such variation from time time, while neither the 
general regimen the reach nor the surface level given stage 
there have changed perceptibly. Perhaps special term needed 
here indicate this bed the river, which, for given flow, certainly 


determines the surface level, and will called this sense the 
train.” 


long the surface level given stage does not change any 
reach river, the bed train under certainly remains the same. 
But when the mean depths the cross-sections are plotted eleva- 
tions mean bottom the same profile this surface, they are 
generally found very irregular; they have sharp ups and downs 
some ft. more, while the corresponding surface changes are 
measured tenths even hundredths afoot. And, finally, with 
change whatever the regimen the reach, when one more 
the same sections are re-sounded from time time, and their mean 
bottoms show just like variation level, there room left for 
the least doubt that the data sections has simply accidental 
divergence from the bed train fully this amount. 

Indeed, the more thoroughly the bottom the river known, the 
more this accidental variation, which really means nothing, recog- 
nized. water sand waves ft. high may formed 
there eddies may cutting great holes the bottom; 
and, with change the general conditions reach, the bottom 
fixed point the Lower Mississippi may found elevations 
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differing much ft., and the mean bottom line 
across least ft. smaller rivers these limits are, 
course, correspondingly less, but, with their higher slopes, such 
changes may even more sudden and erratic. 

very evident, then, that the bottom anywhere, which that 
point represents real value the sequence phenomena river, 
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something altogether larger than the bottom line there, say, 
half mile across it, like line any other direction. The local 
cross-section should doubtless have the most weight, but the bed 


train part the condition for some distance, both above and 
below it. 
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Some effort been bring the cross-section data 
together Taking their elevations bottom continu- 
ous means threes, dropping out upper one and taking the 
next lower one each step, and again repeating the same process 
these first means, generally succeeds last reducing fairly 
regular sequence; and certainly has the merit bringing the results 
great mass data together into very simple form which they 
can seen whole and compared with other cases. 

The results hydrographic survey the Lower Mississippi 
the vicinity Arkansas City, shown Fig. will serve illustrate 
this. The dashed line mean bottom the special sequence deduced 
this process lapped means, while the line joining the plotted 
points shows the local irregularities the cross-sections. Each 
these, however, this case, general the average two more 
sections often with fifty more located soundings each; and, 
altogether, they have less this accidental variation bottom than 
any the like data which the writer has yet worked over. 

Either these lines mean bottom shows the pool and bar forma- 
tion this reach very well. should noted, however, that prob- 
ably neither them shows its full height the crest the bar which 
really controls the level the upper pool low water, while the 
shorter bars smaller rivers their failure this respect would very 
probably even greater. 

This, however, about far the direct study form, 
alluvial river, has been carried, and, before stated, does not seem 
that much gotten this process trying understand the 
river from the bottom up. Practically, every step which the writer 
has made river hydraulics, has been made studies following 
exactly the opposite process but before taking these, which the 
whole point view will simply reversed, there generalization 
which the hydrographic surveys give, and which perhaps here may 
best state. 

This generalization rests the observed fact that the average an- 
nual caving the banks, over hundreds miles some the 
rivers, rate which would altogether fill them lifetime; 
and follows that, for the river maintain its channel such case, 
does, there must going annually some equal and opposite 
process clearing this out. This simply considers lateral action 
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whatever the movement material the direction flow may be, 
when reach, say like that the Lower Mississippi from White River 
Vicksburg taken, nearly mile wide and some 200 miles long, the 
difference between the material which comes the upper end and 
that which goes out the lower would certainly have appreci- 
able effect such prism while the bank erosion there not far 
from fill ft. annually over this whole bottom. The clearing 
out this quantity annually is, therefore, necessarily, the work 
simply lateral resultant. 

How and when may act will better understood later. 
enough here know that its action fact. not deduced from 
experiments slope equilibriums, nor found directly the forms 
cross-sections. But, certainly that light, much which has been said 
about alluvial rivers filling themselves with the matter which 
they carry suspension, is, say the least, trivial. The difficulty 
which the water-works engineer has getting the suspended matter 
out the river water when once has gotten into it, does not 
encourage the idea that any great additional load will thrown the 
lateral resultant from this cause. 

While river all its upper part may cutting down its bed, 
the slow process geological periods, undoubtedly its lower alluvial 
part may building the same process, and, with its 
alluvial part relatively short, this action may even appreciable 
the course centuries; but systems where the alluvial reaches ex- 
tend for thousands miles, seems hardly worth considering, 
and, certainly, not the exclusion the equally palpable fact that the 
alluvial river also keeping its bed down, otherwise its channel 
would fill the fall material into it, and this also periods 
which, comparison with the other action, are relatively immediate 


AND GAUGE 


Having come now the point which recognized the difficulty 
getting anything satisfactory out the cross-sections express 
for given stage the bed train proposed, what follows, 
simply take surface measure for it. Laws flow are there, 
whether not they are known, and these laws the bed determines 
the surface. can taken measure the other, and the 
question how this measure interpreted can considered later. 
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any case, the flow into and out given reach the same 
and the surface level fixed, there just much water there all the 
time, and the bed, whole, equally fixed under it. the allu- 
vial river this may only instantaneous equilibrium, neither the 
bed nor the surface may remain fixed, and the surface especially may 
changing account changes the amount water flowing. 
There are also reasons for thinking that may change account 
changes the conditions flow attending the rise fall the river, 
the entrance floods from tributaries; but none these will 
account for change found the surface, must accounted for 
change the bed the river under it. 

The first thing required, however, identify this surface measure, 
stand through given reach, with discharge everywhere the same, its 
surface level may said measure everywhere the bed under it; 
but this alone gives nothing which can brought into comparison 
with any other part the river, indeed with the same river 
another time. But when the discharge also known, and the reach 
comes back, say after flood, the same discharge with different 
surface level, this gives absolute measure the changes which 
have taken place the bed the river that stage, though yet 
this measure may not interpreted. 

any location the river, where gauge record kept, the 
readings give the surface levels from day day through all the 
changes the seasons, but use these for the purposes hand, 
given stages that river, also necessary know the 
discharges that with them. This, course, the primary 
purpose discharge data and the first thing considered its 
study. 

The observed values discharge are plotted abscissas the 
gauge readings the time the observation ordinates, and give 
what called the discharge-gauge relation there. They show, 
whole, the increasing discharge capacity the river from low water 
up, which may expressed graphically mean curve drawn 
through the ‘plotted points, mathematically empirical 
equation. This, called general simply discharge curve, taken 
for the scale stage that location. Some the discharges may 
below this mean curve, some above it. Barring errors observa- 


; 
ge 
q 
4 
4 
q 
q 
g 
P 


630 SEDDON RIVER HYDRAULICS. [Papers. 


tion, these are different levels given stage, and mark either 
change there the conditions flow bed changes. 

course scale stage any river has absolutely deter- 
mined zero; the lowest low-water far may followed. 
the same way, whether given graphic curve empiric 
equation, has physical limit the top the banks, the level 
may cases more less continuous above this level, 
may altogether different. But between these limits 
given absolute measure the average normal physical and 
hydraulic properties the river that location. 

How this scale marked still matter convenience. 
any point the river simply range level between low and 


HIGH WATER 


LOW WATER 


high water, with given range discharge corresponding 
Drawn with general characteristic the Missouri River, but 
without any necessary reference any river whatever, shown 
Fig. with some the forms marking which have been taken 
different uses it. 

Where either the gauge stage scale used, the normal discharge 
curve corresponding given the beginning, and after that the 
stage simply taken feet and fractions with the given values 
discharge understood, The discharge scale has the advantage 
bringing together the two elements which define the given stage 
there, but does not give their coincident values accurately 
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everywhere. here the discharge marked thousands 
cubic feet per second, unit which will generally expressed. 

While each these methods marking the given stage has, 
will seen, its special field uses, the immediate study the 
data, the gauge, course, the first one that taken; but from the 
first, also, this must clearly distinguished from simple gauge 
readings, for they have them well all the variations which may 
occur the surface level ofa given stage there through the flood 
season. true that, this scale stage differs materially from 
point point the same river, may also change more less from 
time time the same point, but what must gotten before 
such changes can followed, and important, determining 
what is, not mix first with all the sequence bed 
changes and different conditions flow which follow each other 
infinite variety and endless succession from season season. These 
have been called simply changes plane, without regard their 
causes, and what follows they will designated. 

may recognized here that the term used, 
highly technical sense, standard measure rivers. Without 
measure for force for heat but little progress could made 
those sciences, and some definite measure equally necessary the 
hydraulics alluvial rivers. its general use, stage refers that 
range river between high and low water, high-stage, mid-stage 
and low-stage, or, terms gauge readings, 10, and 30-ft. stages. 
But these are plainly very different things river say 100 ft. 
wide and another 1000 ft. wide. This ordinary use expresses but one 
element something which has least another dimension. 
terms slope, area and mean hydraulic radius has three, with none 
them known and known relations between them; but these are 
all summed the coincident value discharge, which, observed any- 
where for one stage, everywhere the river for the same stage, 
the same value. 

Expressed this scale stage, the different parts the river may 
brought into immediate comparison, and also the different types 
different rivers; but yet has had special reference any par- 
ticular river, and has hardly touched upon the data from which 
determined. The mean curve drawn through the discharge- 
gauge relation has been noted giving it, but this alone forms only 
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part the data which determined, and indeed very small 
part its extension over whole river and the study its general 
relations there. 

course, this scale stage gets its absolute value finally from 
discharge observations, but were not the relations which all the 
different scales stage stand each other different parts the 
river first known, the study discharge data might very imperfectly 
determine it; and these relations are almost wholly question the 
gauge data. 

Between tributaries, whenever the river stand, plain 
that its surface simply marks its points equal stage all the 
gauges or, referring Fig. the low-water reading the gauge 
everywhere the zero the stage scale with corresponding discharge 
20. The top the flood, the same way, may mark the equal 
high-water stages, and intermediate stages are continually being 
given, between the varying rises and falls, this direct manner. 

all this will found that the different scales stage the 
river general stand each other simple ratio. That is, 
these readings, any two gauges taken ordinates and abscissas, 
give between them which straight line. And further, 
any rise fall the river, when suitable time allowed let 
the difference stage pass from the location the upper gauge 
that the lower, the readings taken mark the same line through 
the intermediate and recurrent stages and all the periods rising 
and falling river. 

Fig. will serve simple illustration this. the Missouri 
series discharge observations, taken 1879 St. Charles, are shown 
plotted their St. Charles gauge readings, with the mean discharge 
curve given them there for that season. With this also given the 
relation between the gauge readings St. Charles and those taken 
allowed for equal stages reach St. Charles from Hermann, and in- 
terpolated St. Charles readings, this much later each day, are taken for 
ordinates which the Hermann readings are plotted abscissas. 

All the readings these two gauges, from early April the fall 
low-water November, are shown the plotted points this gauge 
relation. And plain that for all values discharge correspond- 
ing the St. Charles stages, accurate corresponding Hermann values 
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may taken immediately from this line. Or, the gauge relation 
said transfer the St. Charles discharge curve Hermann, and this 
does also with altogether about the same precision with which the 
curve originally determined for St. Charles. Thus, 1879 
170 discharge observations St. Charles give the mean curve there, 
while, the same time, there are somewhat more than 200 entirely in- 
dependent observations the surface level St. Charles and Hermann 
fix this relation between them. Either determination possible 
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error, but the resulting scale stage Hermann may not have more 
but actually less this error than the St. Charles determination. 

the St. Charles discharge curve transferred Hermann, 
again may transferred from gauge gauge along the river, meet- 
ing positive test both the original curve and all the transfers 
every other location where discharge observations have been also taken 
the river the same period. The only other observations made 
this year the Missouri were short series Sioux City, some 780 
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miles further up, and transfer and check over this distance long, 
and necessarily very careful, process. passing such tributaries 
the Platte Kaw Rivers special studies the gauge relations there 
for years are also necessary, and need either some discharge observa- 
tions the tributary, discharges the main river above and 
below it. 

fact, only the same river that the relations between the scales 
stage are straight lines, and ‘‘the same is, course, 
understood physical term, and not geographical name. The 
Missouri above and below the Platte need not have been the same river, 
but essentially is, and this relation practically holds the Missouri, 
least from Sioux City mouth. Indeed, the smaller tributaries 
further down, their low-water periods, have not more than 0.1 
0.2 ft. effect the gauges below them, even the extreme low- 
water stages the main river, and this, course, amounts little 
nothing the higher stages. 

However, flood out these tributaries another matter. The 
Osage extreme flood may add something like 150 the discharge 
the main river, and plain that such periods, the line relation, 
between the scales stage above and below it, longer given 
the gauge readings. The flood does not necessarily affect the scales 
stage either the locations, unless perhaps the upper one within 
the range back-water action from the tributary, but the marked 
excess then the lower gauge readings must show corresponding 
divergence from the line the ordinary gauge relation, and, fact, 
the Missouri River, this used measure the floods from the 
tributaries. 

Such cases are, course, met with plotting the gauge re- 
lations, and are excluded these transfers the discharge curves. 
Some them come inconvenient times, but long low-water periods 
are the ordinary conditions these tributaries, and, using only such 
periods general, the transfer may carried across them without 
sensible error. the same connection, also, 
find that has deal with more less gauge data which should 
never have been published. The effect the tributary flood con- 
tinuous, and this fact shows the gauge relations which follow it; but 
false readings are not, and that they are marked once the 
gauges where they are made. The line selected for Fig. was free 
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from all such complications. not all exceptional gauge re- 
lation, but must not assumed that all gauge relations are any 
means simple. 

far, the scales stage have simply been taken marked 
the gauges, and, whether original discharge curve, discharge 
curve transferred, they serve only measure more less limi- 
ted reach the river the given location. Before considering 
more general condition, convenient pass the second form 
marking shown Fig. and called the stage scale. For this, ft. 
the St. Charles gauge arbitrarily taken low-water standard, and 
ft. high-water standard, corresponding this year the dis- 
charge values 19.6 and 347, respectively. Fig. the correspond- 
ing levels the Hermann gauge are shown determined the line 
that gauge relation. And taking these corresponding points from 
St. Charles Kansas City all the gauge relations between them, 
all the combinations which they may plotted, gives for this 
year the equivalent gauge readings called low and high water, respect- 
ively, Table No. the locations each the given gauges. 


TABLE No. 
TANCES. YEAR, 1879. 
ocation gauges. Equivalent gauge readings. 
Miles above St. water). 
Charles. 
Low water. High water. 
0.0 5.0 25.0 20.0 
Cottleville 16.5 25.2 40.1 14.9 
40.5 46.4 62.3 15.9 
69.0 72.0 88.5 16.5 
Fisher’s Landing....... 87.5 88.9 106.0 17.1 
Jefferson City.......... 112.2 110.7 127.5 16.8 
160.4 156.0 172.0 16.0 
187.0 178.5 196.5 18.0 
222.5 212.7 230.7 18.0 
249.0 233.7 251.0 17.3 
270.0 253.7 272.8 19.1 
267.0 283.0 16.0 
Missouri City...... 307.0 285.0 302.7 


The differences between these arbitrary high and low waters, 
called equal stages, mark, course, the scales stage each 
these locations, mid-stage being simply the half these values, and 
on, for all intermediate stages. But the fact that these are 20.0 ft. 
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St. Charles, and only 14.9 ft. Cottleville Landing, 16.5 miles 
the river, 19.1 ft. Lexington, with ft. Camden, 13.5 miles 
above it, shows distinctly the marked longitudinal variation which 
may found the river; and gives, the same time, its definite 
measure. The whole length the river certainly sequence 
such variations, its extremes least large the differences 
found these cases. 

This sequence, its actual longitudinal form any time, has not 
yet been determined. But, while certain bends may stand 
unchanged for long time, general, not fixed. What was 
ft. St. Charles, 1879, was but ft. some five years later; 
which case the river there had left its old channel around the St. 
Charles Island, and shortened its course several miles. the 
same way, the ft. Camden, time, may take the place the 
19.1 ft. Lexington. And this sequence, its time variation, may 
followed with precision the discharge and gauge data. one 
the hasty conclusions superficial study this matter, that 
there are gauge relations because they are not fixed ones, while, 
the contrary, would certainly very surprising find such 
longitudinal variation the river actually tied all its gauges. 

However, the Missouri general, and inferred other 
northern rivers, there really period which there are such 
relations. course, when the river frozen over there not much 
rise fall mark any relation, but seems that ice-bound sur- 
face may result different distribution slope from that free 
surface, and, the place the river standing the same level 
the gauges, may, such case, change perfectly arbitrary way 
any ofthem. The clearing out the ice also probably cuts its 
bed pretty badly, the forming and breaking ice gorges might 
expected But certainly during and immediately following this 
period relations between gauge readings may found. That 
soon readjusts itself and all its flow, all the variations along its 
course, and, all its changes from high low water, again found 
held this chain simple stage ratios, not all inconsistent with 
what has preceded it, and the whole marks less but rather 
more the presence determined and controlled equilibrium. 

And, finally, the larger changes noted the equal stages, which 
are general matier years, must also supplemented 
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smaller changes which may only matter seasons. Not only 
may the river change its whole course and its whole form the loca- 
tion, but the bar may built further down and bring the gauge from 
the level lower into that upper pool. The first may have 
effect several feet, the second may limited fractions foot, 
but the Missouri the second may also mark several distinct gauge 
relations the season, throw part the plotted period out 
the line the general relation. These, course, mean different 
scales stage there for each period, but such details the scales 
stage are certainly restricted very limited reaches. This might 
value special studies, but, general river measure, the 
average all that wanted; and where there are two more such 
changes the season, mean taken for the gauge relation. 

This will show the general processes and results study 
discharge and gauge data. gives absolute measure the 
river number different locations, which probably cover all its 
variations, and follows with precision all its changes each them. 
close for the Missouri, only necessary add the fact that the 
Missouri different years different river. Or, state this tech- 
nically, the level the zero its general stage scale found 
change materially between sequence high-flood and low-flood 
seasons. 

Taking, for instance, the low-water 1883, following 
succession phenomenally high-flood years, the low-water level 
corresponding the discharge 19.6, the place being the gauge 
readings from 5.0 St. Charles Kansas City, given Table 
No. would found average about ft. lower. Whether not 
the high-water stage affected this still unsettled; from such 
data there are the subject, and from the nature the change, 
inferred that not; which case all the values the column 
equal stages would then average ft. more. the same way, the 
fall low-water 1895, following succession phenomenally low- 
flood years, about ft. higher, giving values the column equal 
stages averaging about ft. less. 

‘The process such changes will show later. They arise from 
the counter-actions, already noted, erosion which would fill 
the bed, and that lateral resultant which would keep down. 
Every cutting bank and bar caving into the river continually, 


; 
| 
et 
§ 
} 
q 
| 
| 


638 SEDDON RIVER HYDRAULICS. [Papers. 


this way throwing upon the bed material which not carried away, 
for there evidence increasing movement material down 
stream; and indeed, accumulating would, could not thus 
taken the flow without soon overloading it; therefore, must 
simply spread over the bottom some way, and this, all times, 
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below the existing water line. isreally, then, only the flood which 
can move this material the slopes points and bars; and the 
extreme required throw any altogether out the bank 
level. Thus there doubt that the action the series extreme 
floods this general clearing out the low-water bed, and the 
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series low floods corresponding filling up, notwithstanding the 
fact that this has not yet been observed anything but these stage 
measures. 

With all that has been given this study the Missouri, the sub- 
ject may followed now into the data the Lower Mississippi; and 
will enough note briefly the special features which the given 
processes show for this river, and the same time any new problems 
which its marked physical difference and greatly enlarged scale may 


LOWER MISSISSIPPI DISCHARGE GAUGE RELATIONS 


GAUGE SCALE 


bring into view. And, certainly, between river the size the Mis- 
souri, and one whose floods have some three times the extreme discharge 
and twice the rise, this matter should fairly covered for alluvial rivers. 

Figs. and serve illustrations. The New Madrid discharge- 
gauge relation Fig. does not differ essentially from that St. 
Charles the Missouri, and may seen the Cairo-New Madrid 
gauge relations Fig. that, general, may transferred just 
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the same way which St. Charles was transferred Hermann. But 

will noted here also that, while the relation the higher stages 

has not changed perceptibly years, decided but limited range 
bar effect has come into the surface levels the New Madrid low- 
waters. And this pronounced stability these relations, some 
which now back nearly years, subject now and then these low- 
water variations, disappearing between the 10-ft. and the 20-ft. stages, 
which may general said the special features the Lower 
Mississippi gauge relations. 

This low-water form, however, not variable but fixed condition 
the 300 miles between Red River and the Gulf. Even high 
Red River, the Gulf level some ft. above the mean bottom 
the Mississippi, and through all this reach acts upon the low-water 
surface much the same way did the crest the bar 1893 New 
Madrid. any such reach, course, the variation the scale 
stage through special and single problem each case. 

But the marked exception the Lower Mississippi gauge relations 
the general features noted above, found since the times, and 
the locations, which its great floods have been held within levees. 
began seen, more than years ago, along the swamp fronts, 
where the large natural outflow was being materially checked the 
building levees, that general lowering the low-water level 
was accompanying phenomenon; and was soon inferred that the 
levees there, producing abnormally large floods, like the series from 
1881 1883 the Missouri, were simply clearing out the low-water 
bed the same process. Indeed, was here that the action that 
lateral resultant the movement material river was first sug- 
gested, even before the magnitude erosion, determined between 
hydrographic surveys, had made plainly necessity, and before 
the reverse process had been tested the filling the Missouri 
River bed after the succession low floods 1895. Simply these 
levee effects was seen that, whatever might the longitudinal move- 
ments the building the bars high water, was, after all, the 
magnitude the flood volume which kept down the level the low- 
water plane; and the somewhat homely illustration suggested itself that, 

whole, the flood went through the river somewhat like plow. 

All these features the Mississippi, however, raise essentially 
new questions; but, the Arkansas City discharges, Fig. 7,do. The 
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marked difference the level the discharges between the first and 
second periods change plane character which must con- 
sidered here. was simply permanent local change that point, 
would naturally assigned some radical change the regimen 
the reach, similar that noted St. Charles, when the range 
stage there changed from ft. But, far from being such 
permanent change, not even local one. 

may seen the example given, the gauge relations the 
Mississippi are not only especially stable, but they are also, general, 
especially well-defined single lines; and, that case, every variation 
which shows the surface levels the same discharge one the 
gauges, must show the given ratioand the given period the other. 
Changes plane are transferred well discharge curves, and, 
far the gauge relations below Arkansas City, each shows single 
line for both these periods, this change plane necessarily 
identity all the way down. 

is, course, only actually identified the location the lower 
gauges; but where found repeating itself this way, both its 
ratio and period from gauge gauge down, there can little doubt 
that simply continuous between them. And this process the 
change plane shown Arkansas City, found continuous 
one far down can tested accurately, and least, this 
for over 300 miles. 

This change plane coincides roughly with flood out the 
Arkansas River, does not show gauges above, and prac- 
tically continuous through the rest the flood and far down 
can tested through the rest the river. While such change 
plane certainly holds difference the general slope from above, 
this difference does not account for it, for this difference the thing 
itself. the same way the difference slope between the rising and 
falling river does not help matters, for this difference great 
Helena Arkansas City. And, fact, this change plane 
found here, repeatedly elsewhere, have much the same mag- 
nitude between the two periods whether the river rising, falling 
stationary either them. Indeed, was pointed out first, not 
much dependence put the direct slope-effect the flow 


rivers; appears and disappears continually, general slope 
controls does not control the 
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Such continuous change plane, the case hand, has been 
considered, probably part least, change the conditions 
flow accompanying the flood out the Arkansas. And, for the 
entrance floods from tributaries, there this said, they cer- 
tainly raise the surface level the river above them without any cor- 
responding increase discharge. cases the Lower Mississippi 
this may followed with precision the gauge relations; thus, 
floods out the Arkansas River have been seen distinctly raise the 
surface level the Mississippi over miles above more than ft. 
The flow the main river, then approaching the tributary with its 
momentum somewhat reduced continually increasing rate, 
might, perhaps, expected carry higher plane below for some 
time and some distance. And, indeed, such the run-out 
the Lower Mississippi from Red River the Gulf, where, even the 
highest flood, only small fraction the water the river above 
the Gulf level, and the great mass has not foot-pound poten- 
tial energy, such effects floods from Red River certainly seem 
have startling proportions. 

the years great floods, also, changes plane this character, 
are marked from Cairo down, and, changes the conditions flow, 
would assigned the large return flows and back-water drainage 
following the extended overflow. And, they not show here 
any great extent the low-flood years like that the New Madrid 
discharges given, some such assumption not altogether unwarranted. 
But, the same time, should recognized clearly that marked bed 
changes also occur between these periods. The raise the top the 
flood has the effect the the greater part season 
its surface, with all the bar-building forces the river under it, 
while this practically reversed the fall. And, until this movement 
bed may determined, needless discuss further the special 
causes changes plane this character. 

course, with such changes plane the Mississippi, there 
little doubt that changes plane the same character occur the 
Missouri, but, they are not large enough seen there, they need 
not considered. The same change the conditions flow which 
would change the surface level ft. ariver from 100 ft. deep, 
would only change 0.1 ft. river from ft. deep; and 
the different type, the reduced scale, and much more active bed 
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changes the Missouri, changes plane this character are simply 
unimportant phenomena. the same way, again, studies were 
into river like the Platte, all the importance the Missouri 
River gauge relation might disappear the small range and continu- 


‘ous bed changes that river. Hydraulics limited relations 


which show; and perhaps altogether possible study with micro- 
scope, the flow the simplest form flume, such detail never 
understand it. 

Finally, all these detailed studies the discharge and gauge data 
river may put together the discharge scales, and show 
glance all the floods river for years, with the combinations which 
make such flood that the Lower Mississippi. 

Figs. and illustrate the use the discharge scales. The regular 
gauge readings are plotted from day day ordinary hydrographs, 
and the discharge scales are drawn through the flood season from low- 
water up. Arranging these, then, order down theriver, all the con- 
tributions from the tributaries show the differences between the flood 
volumes from gauge gauge, and may checked readily any point 
with summations the tributary increments taken from the gauge re- 
lations, while the combined floods two rivers, such the Missouri 
and Upper Mississippi, are seen summed the flood volumes 
the Middle Mississippi St. Lonis. 

these diagrams simply the average discharge scales have been 
used, and account has been taken changes plane through the 
period, but, course, checking the final discharge curves the 
different rivers necessary take account these changes. And 
there, indeed, the whole study these data the rivers meets one 
its severest tests. the sum the St. Charles discharge and the 
Grafton discharge not make the St. Louis discharge there some 
thing wrong. Individual discharge observations may have their 
errors, but correct scale stage can only have changes plane and 
wrong gauge readings. 

All this, however, may followed, well enough for illustration, 
the average scales Fig. Thus, the top the 1881 flood 
little less than 500 St. Charles with little less than 350 Grafton, 
while St. Louis shows about 800. But the plane Grafton raised 
up-stream effect from the extreme flood the Missouri, Grafton 
discharge observations that time showing this distinctly, and, allow- 
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ing for this, checks very well with St. Louis and the discharge from 
the Missouri. The next low water Grafton, and little below 
St. Charles, differing about the same amount from the 100 St. 
Louis. And again, the top the 1882 flood 350 St. Charles, 
and 350 Grafton, with 700 St. Louis. the same time, the 
irregularity period these rivers marked, and particularly 
the forming and breaking ice gorges from Sioux City down, 
the spring 1881. 

Fig. gives, the same way, from Cairo Helena, two the 
greatest floods the lower Mississippi; and Fig. outline map 
showing the river’s system swamp basins. general, all along 
these basins the ground slopes back from the river into area low 
swamps threaded with lakes and bayous, and draining into such rivers 
the St. Francis and Yazoo. 

the Mississippi rises above its bank-full stage, the flood water 
drawn off into these upper swamps, returned the river their 
lower ends after interval. Fig. shows this action through the 
first St. Francis basin. The total volume the flood, not only 
given the Mississippi stages, but also traced down from its sources 
through the combinations the upper rivers, shown the discharge 
Cairo, while the same flood shown Memphis about its 
point maximum outflow, and again Helena, where receives the 
return flow from the St. Francis basin. However, the total return 
flow not shown Helena, since the outflow into the upper Yazoo 
the same time necessarily lost its stage and discharge. 

The former condition free overflow shown the year 1882, 
and the first effect the levee system now progress that basin 
shown 1897. And though the system was far from complete the 
time, and was badly broken the flood period, still the increase 
stage and discharge most marked. While the flood extreme 700 
Cairo 1882 reduced outflow but little more than 200 
Memphis, and comes back with inflow about 1400 Helena, 
1897 reached about 400 Memphis, before the breaks the 
levee relieved it, and came back again Helena the Cairo value 
700. 

This will illustrate the method handling the data, 
which, before noted, lie beyond the range regular discharge curves. 
While not pretending represent the actual discharge any spe- 


| 4q 
bi 
| 
q 
q 
| 


647 


5S 


I 


MPH 


HYDRAULICS. 


SEDDON RIV 


Papers. 


yICKSBURG 


| | Si A | 
| HELENAt 
| \ | Wwe 
i 


648 SEDDON RIVER HYDRAULICS. [Papers. 


cial point the flood, these scales, average, bring all the data 


together and compare their total volumes form which some 
reasonable consistency may recognized. However, further down 
the Mississippi, and especially since the construction levees, the 
discharges are often irregular, between the draw large crevasse 
the one hand and the lake-like character points the general 
overflow the other, that they can hardly followed through the 
flood period, even this system rough averages. 

Finally, Cairo and Memphis, Fig. show very well the fixed 
character the general Mississippi regimen. The years from 1882 
1897, has brought marked change there; while Helena, the 
same period, case the levee effect before noted given. 
1897, glance shows that the discharge, brought down Cairo, 
from the rivers above, and found repeated Memphis, cannot 
continuously some less Helena, the 1882 discharge scale 
would give it. The precise lowering there matter the gauge 
relation; but nowhere the general fact more plainly seen than 
the discharge scales. 

following the discharges down from Cairo Helena through this 
period within banks, their readings the discharge scales are essenti- 
ally the same they should be; for, general, the tributary incre- 
ments here would not show these scales. Thus, the crest the 
end November, 1881, little less than 800 from Cairo Helena, 
followed fall just 400, and rise about where the limits 
overflow begin But must noted also, that this does not 
mean that the actual discharges for the same scale readings different 
periods are necessarily the same. The scale readings are normal values, 
and, long the actual discharges differ from the normal the same 
amount all the way down, their normal readings will the same. 

This general identity from Cairo Helena, therefore, not only 
identity the discharge, but also identity plane. That continu- 
ous plane, noted the case the Arkansas City discharges, shows all 
through the data the Lower Mississippi. referred here again 
order note finally that whatever its causes may be, has, from 
point point down, exactly the same sequence preceding it, 
and its accurate recurrence from gauge gauge only marks very 
general and very definite phenomenon; does not add essentially 
the difficulty its explanation. 


| 
| | 
| 
i 
| 
| 


once with the general accuracy and the constancy this interval, 


Papers. SEDDON RIVER HYDRAULICS. 649 


far, has simply been noted, connection with the gauge rela- 
tions, that, when the river was rising falling, suitable time was 
allowed for the given stage pass from the location the upper 
gauge the lower. The precise determination this time, 


from the gauge readings themselves, forms the subject this study 
flood movement. 


the rough, this time interval seen very well the hydrographs 
any river simply noting the difference the times which the 
flood crests show order down their respective gauges, and 
not only marked the crest, but, somewhat less distinctly, the foot 
each rise. Thus, Fig. the period May-June, 1881, the 
Missouri, the general interval about seven days from Sioux City 
St. Charles fairly indicated the time between these points 
marked the various crests and hollows; though may more 
less blurred the case any one them the changes plane 
and tributary increments which show this period. thesame way 
the special retardation the top the April flood that year will 
noted. And, passing the Upper Mississippi, its much slower rate 
flood movement shown most distinctly. Thus, comparing the move- 
ment from Prescott Clayton with that from Sioux City St. 
Charles, the Mississippi, the flood takes about the same time pass 
over about one-fourth the distance. 

the Lower Mississippi, Fig. shows interval some three 
four days from Cairo Helena, and any one should undertake 
follow this interval the discharge scales, through all the rises 
and falls the river, noting the difference time between 
the same discharges Cairo and Helena, would struck 


not only for the crests and hollows, but also for all the floods within 
banks. 


But days are far from being the measure precision which 
wanted, and obtain this, very different methods are needed. 
evident, the face it, that the time required for given stage 
pass from upper lower gauge determined with the greater 
precision the greater the difference stage which passing. Thus, 
the periods rapid rise fall are those which must used for pre- 
cision, while the period hardly defined all the slower changes 
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stage the flood crests; though, taking these crests whole, 
symmetrically, may still seen them. Almost any interval 
the crest will give the gauge relations, while the line between any two 
gauges given without any interval all through all the stationary 
periods the river which extend both them; but where rise 
assumed interval begins make distinct divergences from the line 
the gauge relation. 

Having the line the gauge relation given, and plotting such rises 
and falls with assumed trial intervals, the divergence each plotted 
point from this line, course, marks the error the time assumption 
that stage; but as, the great 
mass the data, the gauge rela- 
tion and the time interval have 
convenient have mind, 
clearly, from the first, certain 
standard types which different 
trial intervals must give the 
form such plotted relation. 


UPPER GAUGE 


Types trial time intervals are shown Fig. 11. The first 
interval altogether too short. If, plotting trial rela- 
tion, the assumed interval was less than the true time, then, 
the rise, the lower gauge values taken would not have had time 
rise their equal stages, and would, therefore, too small pro- 
portion the rapidity the rise. the same way, the falling 
stage, the lower gauge values would not have had time fall enough, 
and would, therefore, too large proportion the rapidity the 
fall. The trial relation would, therefore, plot (1) where the 
rising and falling stages are indicated the directions the arrows. 
the same way, the trial interval for the flood taken too long, 
the lower gauge values would too large for the rising and too small 
for the falling stages, giving the trial relation shown (2). Between 
(1) the interval altogether too short, and (2) the interval altogether 
too long, the relation the flood can always reduced one the 
other the forms (3) and (4). The form (3) shows very plainly that 
this interval for the whole flood constant, that the flood move- 
ment does not vary with the stage; while all conditions variable 
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flood movement are included the form And here, the special 
case indicated the arrows, represents flood movement which 
increases about uniformly with the stage; that is, the mean interval 
about much too short for the lower part the flood too long 
for the upper part. 

more less trial plotting selected floods, the character 
their movement, between any two gauges, may recognized, and, 
case the interval constant, may generally determined this 
way the nearest tenth aday. also plain, however, that any 
flood out tributary entering between the gauges this period 
would destroy altogether the simple form the relation shown (3). 
Indeed, unless such periods were recognized and excluded from the 
study, they would lead very serious errors both the rate and the 
character the flood movement. 

also necessary allow for those changes plane which may 
occur from time time the location one the other the 
gauges. determine the time required given stage pass 
through the reach must taken the level which has 
passing. long the levels the given stage remain the same 
the two ends, change together, they through those con- 
tinuous changes plane noted the Lower Mississippi, the relation 
will give the form (3) when the correct time interval taken, but 
when the level the given stage changes one the gauges with- 
out corresponding change the other, the form the true gauge 
relation should shift the same way; and interval which might 
make approach more closely the form (3) would not then 
more correct interval, but erroneous one. 

These, course, are the same variations which have been met 
the transfer discharge curves, and which, with little care, not 
affect sensibly the accuracy that process. But here, the deter- 
mination element which marked alone the form special 
periods rise and fall, they are much more serious difficulties. Thus, 
taking gauges above and below tributary, after getting trial 
correct interval between them, and then, with this interval, systemat- 
ically plotting their relation through years, number the floods 
might seen correspond very closely with the form (3), and 
number others might marked clearly affected floods from 
the tributary, changes plane, and rejected. Between these two 
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however, there would still number periods which would 
uncertain whether their form did not measure truly flood 
movement there did the form (3), and which, they did, would 
plain that the flood movement, that case, was not the same rate 
the other, nor indeed any longer constant its character. 

This, course, would have been all well enough had proved 
that the flood movement varied from time time and for different 
forms floods, but when the precision the determination also 
considered once seen that itself simply does not prove 
anything. There use taking interpolated values between the 
daily gauge readings any closer than the nearest tenth day; 
for other reason, because doubtful whether the observers have 
actually read their gauges closer the set time, indeed they can 
counted for that. With then some two three tenths 
day between the gauges above and below tributary, this relation 
showing any case the form (3) means only that the flood move- 
ment that time this given rate and constant within the limits 
some 20%, while the other case means that its rate some- 
thing more less and variable within the same limits. Thus, the 
two cases simply are not precise enough for their contradictions 
mean anything. 

Again, while the short reaches lack precision this time element, 
the long reaches lack precision the equal stages. When the river 
rising falling ft. day, change 0.2 ft. the stage equal 
day the time interval, while periods less rapid 
rise and fall the time equivalent correspondingly greater. 
long reach, therefore, covering number tributaries, the summa- 
tions their increments, small themselves, may affect materially 
the apparent time the passage given stage through the reach; 
and even where they may not this, their combinations tend cur- 
tail greatly the periods which are practically free from this difficulty, 
until finally, not once years that suitable period for the deter- 
mination its flood movement can found; that is, period 
without change plane between the gauges, all the tributaries being 
fixed low-water, with sharp rise and fall the main river. 

meet all these difficulties the precise determination the 
flood movement, the system plotting the data, called extension- 


gauge relations, was planned. Its principle consists studying 
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flood movement the form number gauge relations, between 
the same upper gauge each case, and lower gauges following 
order down; showing, close succession, the movement the same 
flood from the same start, through series successively lengthen- 
ing reaches. The form each gauge relation, then, its order, 
includes all the flood movement the relations preceding it, with 
such additional movement the flood may have that case between 
its lower gauge and the gauge next above it. 

instance from the Lower Mississippi extension-gauge relations 
given Fig. 12, covering reach 277 miles that river, from 
Cairo down. all this the time intervals have been determined first 
trial. Cairo gauge readings are taken uniformly the ordinates, 


30 


CAIRO GAUGE 


12. 


and interpolated readings, later the intervals, respectively, 
abscissas, and the gauge relations, Cairo-Belmont, Cairo-New Madrid 
and on, Cairo-Mhoons, are plotted succession. Altogether, 
they leave doubt whatever the movement this flood. 
The Cairo form simply reproduced given ratio each the 
gauges after the lapse fixed time. 

Gauge readings, course, contain accidental error, 
and single one these relations reproduces exactly the Cairo 
form the given ratio the location its lower gauge; but when 
the divergence one direction one gauge, and opposite 
direction the next, there certainly change form shown 
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the passage the flood through the reach; and, indeed, this case 
repeated even more exactly Memphis, 230 miles below Cairo, 
than Cottonwood 123 miles below, Belmont only miles 
below. 

Thus, not necessary, every case, see this flood movement 
extending down Memphis, Mhoons, order recognize 
it. seen extending down Cottonwood, and if, from there 
on, more less increment from tributaries comes break up, 
still seen, and the reason that does not show further down 
recognized. Thus, part the rise Fulton may marked 
with excess Fulton stages, and that case the same part 
Memphis and Mhoons would least marked with the same 
excess, though more probably would actually show increments 
somewhat greater. Through all this, however, there would little 
doubt that the same flood movement was still there, outside con- 
ditions had only left the same the river show it. 

The Mhoons’ relation given here instance which needs 
special notice. January (January 4th Mhoons), the gauge 
reader reported that his gauge was washed out, and that readings were 
taken temporary gauges. This continued until May 23d when 
his gauge was reset, the inspection showing that his readings were 
2.2 ft. toolow. very evident from the relation that this error 
was made the first setting his temporary gauge, and 
taken the flood movement shown very fairly continuous 
Mhoons. But if, the other hand, the error had been distributed 
over the whole period the inspection, often done before 
the gauge readings are published, would have given altogether 
incomprehensible surface movement the river there for about five 
months. simply caution which should borne mind con- 
tinually any use the gauge data. 

this process recognizing, the extension-gauge relations, 
what does not, well what does, show the flood movement, which 
gives all the certainty its determination from the ordinary gauge 
data. The method may said almost mechanical. The inter- 
vals the various reaches are determined trial. Stages between 
the readings the lower gauges are then interpolated these inter- 
vals, and are each, for the given day, the effect the given reading 
the gauge the head the reach, far this has been 
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determined approximately trial. These are then plotted succes- 
sion, showing the whole surface movement over hundreds miles, 
everywhere nearly the one relation cause and effect single 
time adjustment will give and all, for the better part year, are 
brought finally under the eye once, and quick succession 
number years can examined. After that the whole matter 
simply one intelligent seeing. 

Such flood movement that Fig. seen frequently and 
through long periods, extending over the shorter reaches, but with little 
precision the time intervals; while, again, through the long reaches, 
with the much smaller percentage error the intervals, the flood 
movement can followed only through shorter less frequent 
determined. Its actual rate not given precisely between any the 
gauges, but there, would not found precisely their 
summations it. 

the case given, the movement may said recognized down 
Mhoons, and the interval there determined the nearest tenth 
day, within 0.05 total interval days. This less 
than 2%; and again, where the same movement recognized down 
Helena, through total interval days, the limit error 
then reduced less than and noting repeatedly just such flood 
movement different floods and through all the different stages 
within banks, comes held very general phenomenon 
the river, observed with good deal precision, and certainly deter- 
mined more closely than might have been expected simply with inter- 
polations between daily gauge readings. 

This, however, all case the constant interval, the flood 
movement which does not vary with stage. Type (4), Fig. 11, the 
flood movement which varies with stage, recognized and its form 
followed the extension-gauge relations much the same way. 
That is, the further flood goes which does not change its form, 
the more certainly seen that its form unchanging; so, 
case flood which its form, the further goes the more 
distinctly this shows itself greater divergences from the standard 
form the head the reach. Thus type (4), Fig. 11, showed 
perfectly uniform increase flood movement with stage for 100 miles, 
200 miles should everywhere show just twice the divergence. 
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However, the case variable flood movement never quite 
simple, for represents condition which cannot continue indefi- 
nitely. Thus, the upper part flood cannot moving much 
faster than the lower part without coming point where would 
topple over; and, before reached this, any uniform normal move- 
ment which might have given stage would certainly modified 
the abnormal form which the flood was taking. 

this fact which makes the determination the flood move- 
ment the Missouri, from the ordinary gauge data, intricate. 
the Missouri has probably detinite normal character that 
the Lower Mississippi, but this, the Missouri, very decided 
increase with stage, and the normal movement, therefore, modified 
least limiting forms the floods, and subject variations 
with their changes. This, with the fact that interpolations between 
daily gauge readings are necessarily less precise surface measure 
its short and sharp floods, and that its tributaries through long reaches 
have much larger proportionate effect the main river, all taken to- 
gether, deferred anything like the setting values for flood 
movement the Missouri much more advanced stage the study. 

is, however, this contrast that should, perhaps, noted 
that given flood movement river not law but fact. Even 
with the general character the constant interval the Lower 
Mississippi, there are still few specially sharp floods and some 
short periods the transitions from stationary flood condi- 
tions which seem exceptions. But that does not detract all 
from the significance the fact that its whole surface movements 
from low water for almost its whole time are certainly held this 
given fixed relation. 

simply empiric constant, running through the infinitely 
complex and ever-changing conditions flow, this recurrent flood 
movement seemed the one thing that river which did not 
change; but why should the same rate high water low, 
while the mean velocity the river for the same change about doubled 
its value, why should over 400 miles day from Baton Rouge 
Carrollton when even the high-water velocities there were less than 
100, were questions the time well calculated puzzle anyone; for 
probably everyone would first try explain this flood movement 
the direct movement the water down the river. 
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Such considerations may have some value finally knocking out 
the investigator himself any remnant delusion that water moves 
threads and filaments; but these considerations lead nothing 
the matter hand they are here omitted. This flood movement 
simply taken is, well-determined fact the river, which, 
fact, naturally rests some property the river whole which 
altogether general and strikingly fixed the flood movement. 
Anyone is, course, liberty try and find this property ob- 
served velocities the total independence between the two, the 
cases just cited, does not satisfy him. 

Yet, with all the river absolutely determined its scales stage, 
and such property the river disclosed this flood movement 
also given, seems certain that somewhere there found some 
equally absolute relation between them. But seeing this and getting 
the relation are quite different matters, and was not until the writer 
had studied analytically the case flood movements chain 
lakes reservoirs* that began able calculate some 
the elements river from its given discharge curves and flood move- 
ments. The methods first were crude and laborious the extreme, 
and need not considered here further than note the final step 
this chain investigation, for from here the question will taken 
rivers, with simply examples its application. 


ANALYSIS AND COMPUTED REGIMENS. 


plain, course, that for given difference discharge 
between the upper and lower ends any reach, the rate rise fall 
the reach determined solely the area its water surface 
that time. This general relation given the equation. 

where the upper and the lower discharge cubic feet per 
second, the time seconds, the surface area square feet, 
and the mean rise the reach scale feet the differ- 
ential interval, 

far, this simply expresses the fact that cubic foot water 
requires foot space, and expresses the condition the 


whole river every other form variable flow. For the 
Transactions, Am. Soc. E., Vol. 355. 
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river, the special problem express the terms this condition 
elements which may determined independently. 

Now, whatever condition rise fall any river may be, 
the rate change discharge with its change stage, and 
the rate change stage any point its flood oscil- 
lations. The change the value discharge assumed interval 


either rise fall, there some point down stream distance 
where the value discharge the end the interval just 
what was the upper point the beginning the interval. The 
difference discharge between the upper and lower ends the 


this reach where Wis its mean width feet. Substitut- 


ing these, respectively, for and equation gives 


(dh) 
this form and are not necessarily identical, for 


the first the rise the interval the head the reach 
and the mean rise over the whole reach during the same 
interval. As, however, the corresponding magnitudes and 


are reduced, the difference between and may made 


smaller than any assignable and finally disappear from the 


Hence, 


Now, its definition here, the flood movement that 


point the river, the rate which equal stages discharges 
move down; and, representing its value feet per second the 
equation becomes 


ah = ™ W. 
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may noted, the above process, that the parentheses have 
been used indicate definite physical: values determined indepen- 


dently. Thus given the discharge curves. Lower 


Mississippi may vary from 10000 low water 60000 high 
water; the Missouri from 3000 40000; and commonly 
referred anywhere the change discharge per foot rise 


fallthere. Again, the rate rise fall any time. 


common use per day inches per hour, but, being expressed 
here second units, its value, for rise ft. per day, 


And, finally, the that rate flood movement which was 


dh 


13. 
last determined with precision, least for long reaches, the pre- 
ceding study that subject. 

With these mind, the process deduction simple enough, 
and seen readily that Equation most general equation 
rivers, true for every element any river from high low water and 
from one end tothe other. But, before going further, may 
perhaps well give, addition, somewhat more distinctly 
physical deduction it. 

Taking then, Fig. 13, origin the surface the upper 
point given stage, and the axis length the river 
the same stage its level representing the surface slope the river 
when the discharges are equal the two ends, the 
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all the way down; then, with the ordinate measuring the change 
stage from this stand, the actual surface the reach any given 
rise shown the line Taking now element the 
discharge curve for the reach, its absolute value everywhere the 


level being Q,, and the rate its change value then, 


Tis the interval which takes rise from the level and 
4h, the corresponding change stage there, the beginning this 


interval the upper discharge and the lower the 


and the lower discharge the difference being 

The mean difference the between the and lower ends 
and there thus brought into the reach during 


fill the volume indicated the vertical area multi- 


plied the width the river 
And equating these two 
or, before, 
The application this equation may perhaps best noted 
bringing into comparison with the ordinary hydraulic formula 


Thus (1) and (2) have their order essentially similar physical 
measures. For instance, the river obtained measuring the 


i 
q 
7 
4 7 
{ 
q 
7 
| 7 
| 
| 
j | 
| 
| 
: 
| x 


Papers. SEDDON RIVER HYDRAULICS. 661 


discharges from high low water and dividing them the corre- 
sponding areas their cross-sections; while obtained 
plotting them the corresponding gauge readings and differentiating 
the same way,.s and are taken from surface 
observations being rate changing level, the other rate 
advancing stage; while and are simply characteristic lengths, the 
first sort inverted radius, area divided wetted perimeter, the 
second plain surface width. 

general form flow, where everything may have any arbitrary varia- 
tion given length, subject alone this condition, even ex- 
pressed everywhere such variation and the was absolute 
constant, would still very evident that the element through 
which must taken not uniform length element. Thus, 
summed into equality and averaged, the given length 
each which expresses equality, and the general relation the 
whole distance the average these elements. That Equation has 
exactly the same characteristic may seen readily taking before 


its reduction, For simply the surface 


the for each the constant intervals into which the 
distance may arbitrarily divided. 

Here, however, the parallel ceases, the ordinary hydraulic formula 
refers the main conditions which the discharge fixed, such 
the discharge pipe under given head, conduit with 
given form and slope; and certainly most necessary relation 
there, notwithstanding the fact that its very intricate variable, 
for Equation has application whatever such But, 
the other hand, rivers Nature offers condition almost con- 
tinually varying discharge, and, there way which 
irregular volume can measured more accurately than taking the 
amount water required fill it, such field the fundamental 
relation between dimensions and the action them these varying 
in-flows and out-flows not only applicable, but the only one, 
the range which may covered it, considered. 
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But, course, this not the place discuss the application 
either these formulas all the conditions flow which they 
may And, fact, the case Equation II, there are 
probably number applications which the writer has never yet 
thought of. has been interested mainly applying alluvial 
rivers, and even there, those reaches the Lower Mississippi, where 
the gauge relations are longer straight lines, has been already 
intimated that its application each case was special and single 
problem. the whole this lower river also, with its peculiarly 
constant flood movement from high low water, marked with decided 
differences from reach reach, there are some questions which the 
writer still working. only case, therefore, which will offered 
here its application the general regimen the Missouri from 
Kansas City St. Charles. 

The 1879 scales stage have been given for fifteen locations this 
reach, the former study discharge and gauge data, and whether 
they should cover equal time intervals, simple intervals distance, 
not here practical question, since their longitudinal sequence has 
never been determined this river, and plain average them 
all that can obtained, and also, very probably, all that here 
necessary. 

The average the equal stages the tabulation referred to, 
17.1, and the equation the St. Charles discharge curve terms 
its stage scale 0.15 (h, where the discharge cubic 
feet per second and the St. Charles stage taken from zero the 
low-water level ft. that gauge. Calling h,, the average stage 
the reach from Kansas City St. Charles, plain that 


and substituting 


4 


from which 


The corresponding value flood movement the Missouri has 
not yet been given; and indeed there were number questions 


flood movement which were purposely left answered after Equa- 
tion had been determined. 
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only takes glance the discharge scales Fig. see why the 
flood movement much slower the Upper Mississippi than 
the Missouri. the same way the marked retardation the top 
the great flood 1881 the Missouri simply the transition from 
channel filling valley filling. That the value changes sharply 
such transition plain, while the especially irregular forms 
the over-flow discharge curves have been noted. And, fact, seems 
probable that these forms are ever determined satisfactorily 
will not done measuring their discharges, but measuring the 
widths over-flow and the flood movements, and calculating them. 
Again, the 400-miles-a-day flood movement from Baton Rouge 
Carrollton simple enough anyone who knows the physics that 
part the river. well down the run-out, where the range 
high water being reduced from ft. Red River nothing 


the Gulf; and the value correspondingly increasing; while 


the same time also exceptionally narrow river. clear, 
then, from the equation, that values will found here out all 
proportion with its rates elsewhere. 

And finally, the constant rate flood movement from low high 
water the Mississippi will recognized here simply special 
relation between its general discharge curves and its form. long 


and vary the same proportion must constant, and 


that they have such variation vertically the Mississippi fact 

its form, and that they not have such variation there longi- 

tudinally another; while the Missouri they have such special 

variation together either direction. But still, all the Missouri scales 

stage are linked together chain gauge relations, and there 

little doubt that this river has fully definite form its own 


correspond with the given them, and that its own especial 


flood movement there, certainly the Mississippi, even 
though cannot determined accurately its gauge data. 

There is, however, special variation which must consid- 
ered. has been seen, course, the deduction Equation 
that the elements rise fall, whatever magnitude, cancelled 
out the final equation, leaving relation which was immediately 
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independent them. This does not mean that the value abso- 
lutely independent the rate rise fall, but simply that 


changed only the may changed it, assuming, the 


same time, that the element form the given level remains the 

This variation the flood movement from its normal, the 
same character change the discharge data, and prob- 
ably this the only surface measure which all those variations 
discharge the given level can ever followed. must looked 
also account for those exceptions the general flood movement noted 
the Lower Mississippi, and the much more frequent changes the 
same character the Missouri. Butit should distinctly recognized 
simply variation from normal flood movement, and does not 
coincide with the discharge the normal determined for 
the river. 

was this light that the specific determination the normal 
flood movement the Missouri was taken up. The extension-gauge 
relations from Kansas City St. Charles had all been plotted for 
period years, showing the character the whole surface move- 
ment there; but did not seem worth while then further order 
pick out the values its flood movements all their variations. 
But when was understood very clearly that there was normal move- 
ment there which rested its general form, already distinctly 
marked its discharge the case was different. The extension- 
gauge relations were then examined and the movements those 
periods least affected tributaries, and best suited give normal 
values for different stages, were taken and averaged for the general 
relation. 

This result, expressed miles per day and taken the same stage 
scale which the this reach has been given, 


show such limits distinctly the case the Lower Mississippi. 
the best that could done with data very imperfectly suited 
its determination. and precise determination such river 
will require other data than those the ordinary gauge readings. 
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Equation II, when taken miles per day instead feet per 


16.364 
or, 


and substituting the values and gives finally, for the equation 


the general regimen the Missouri from Kansas City St. Charles, 


1.117 


This, course, simply equation dimensions. gives the 


value Wfrom high low water, and, determines the dimen- 
REGIMEN THE MISSOURI 
1879 
REACH KANSAS CITY ST. CHARLES 


WIDTH 1000° OF 


16.364 


< 


sions the mean hydraulic prism through this reach river. Butno 
co-ordinates position have been taken anywhere, and therefore any 
showing its mean cross-section must have further assumption; for 
any number areas may taken between two levels, all having the 
same value and variation, but all differing their actual forms. 

Assuming that increases symmetrically from imaginary center 
line, Fig. shows the mean cross-section the prism for this reach. 
course, divided channel, the actual increase with stage, 
might altogether toward the center, while low water especially, 
its increase would any and every direction; but does not make 
any difference what direction increases, that the amount and rate 
its change seen distinctly, and this shown very well Fig. 14. 
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Above the water line the 400 discharge, the river more less 
out its banks, and that the limit this section. What and 
may above that not known, but known that they are not 
continuous. the same way there guarantee that they would 
continuous they could observed below low water; but this sec- 
tion not either them, but the river, which would there 
just the same all the water the instant were taken out it, and 
this relation has been carried down ft. below low water, the most 
probable continuation this form approached its lower limits. 

Between these water lines, however, this regimen the 
simply measured; not, course, directly, but definitely 
distance may measured with base and two angles. This measure 
also has probably about the precision ordinary cross-section 
data; but brings out marked form bed which all the direct 
cross-section data has never even suggested. Indeed, only the 
late surveys the Lower Mississippi, where the section lines were 
leveled over all bars and the high-water limits, and large means 
made from these, that types this character began shown. 
That the surveys would not give the type accurately self-evident; 
for any artificial method making the means from them can hardly 
fail average values which belong decidedly different stages. But 
the summations these surveys the essentially triangular character 
the Lower Mississippi regimen well brought out, which its con- 
stant flood movements and second-degree discharge curves also give 
for it. 

this type regimen which represents plainly the general equili- 
brium between the erosive and bar-building forces the given river; 
and the type the Missouri certainly sufficiently striking. Unlike 
the plain triangle the Mississippi, its curvature shows that its forces 
tend cut sharper central thread and build widening bar area 
the stages arehigher. The fact, also noted before, that the low-water 
level the Missouri was especially susceptible the varying forces 
found the sequence high and years, here made very 
plain. Considering the erosion, its action practically consists cut- 
ting down the high banks into this central thread deeper portion; 
for the bottom, the foot cutting bank, rarely above low water. 
All the caving, therefore, from the cutting banks and bars falls into 
this central thread and through the low-water season all stays there, 
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while the flood period can never fill any back above the stage 
which the flood reaches. 

clear that, the succession low-flood years, this normal 
regimen may changed very materially, this central thread filled 
considerably, with all the widths the lower portion reduced, and the 
widths the upper stages increased correspondingly. While again, 
maintain the general average regimen the normal, the action 
the succession high-flood years will variation regimen, from 
the same causes, but equal and opposite its character. 

Fig. 15, which the different regimens 1883 and 1895, before re- 
ferred to, are given, will serve show this action. Neither these 
regimens has the data needed determine absolutely, and they 


REGIMEN THE MISSOURI 
1883 and 1895 eeee 
REACH KANSAS CITY 
MEAN WIDTH IN 1000° OF FEET 


0 1 2 3 


Fie. 15. 

should not perhaps taken more than illustrations. Thus they 
are not definite enough enable one say with confidence that the 
extreme range between erosion and tilling over this reach variation 
mean width some 640 ft. high water and some 184 ft. low 
water. But they are definite enough indicate that they are some- 
thing like this, and that they are certainly complementary and always 
opposite actions the same system forces. 

This application Equation the determination the regimen 
the Missouri simply given instance its uses. seen 
that the whole meaning the term changed it; the place 
regimen being but convenient expression for sequence unknown 
phenomena with known relations between them, becomes the re- 
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cognized resultant the counter-actions erosion and bar building, 
determined accurately and calculated easily. 

course nothing easily from data which are not adapted 
it, and the laborious processes here followed should never have 
repeated. Continuous automatic-gauge records, referred the proper 
plane, should read the flood movement directly between their traces 
stage, and give the values with precision from tributary 
tributary, and through reaches which have great changes flood 
forms. The longitudinal sequence the equal stages these reaches 
also easier get than high and low-water slope lines, and, once de- 
termined, its mean value for the reach probably much more nearly 
constant. With these then simply matter taking groups, 
each some six eight discharge observations, high-water, mid- 
stage and low-water, determine positively the scales stage 
one more locations long river. And, transferring these from 
gauge gauge, the whole river then known absolutely, and its form 
and variations form can 

this which offered, the place the endless soundings 
cross-sections, for the study the effect work the construction 
reaches, levee effects reservoir and for all the sequence 
changing regimens alluvial rivers, which perhaps amount 
time and money spent hydrographic surveys would ever even detect. 

hardly necessary say that such data may open new problems 
river hydraulics; this method only promises answer those 
sight; and even for those more experiment and more work than 
shown herein may possibly needed. But worth understanding 


clearly that the value and for every point stage the 


equivalent water-line survey the reach that stage. the 
actual measures distance the survey have smaller percentage 
error than can looked for these calculated results, but measuring 
irregular surface area from the field measures has not. The real 
defect the survey, however, that can never catch the reach 
any one stage, and reduce uniform stage difficult, say 
the least it. the other hand, the flood movement not only takes 
the areas planes equal stage, but, its sequence from high 
low water, readily integrates them into the whole river prism. 

course, with the regimen given, Equation may used cal- 
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culate the discharge; but these changing regimens there always 
the corresponding uncertainty determination the absolute value 
discharge from gauge readings. surface levels any kind 
any channel can give its discharge unless some element the size 
the channel given the same time, and, rivers like the Missouri, 
the first thing certainly understand its changes regimen. 

But there are other rivers whose regimens may fixed, 
least which change little that would enough check them 
long intervals ignore their changes altogether, and these, when 
the regimen reach had been once established, the flood movement 
through would give continuous record its discharge, all its 
conditions rise fall, probably accurately its waters had 
been run through some the best studied forms weirs. And the 
drainage system continent ever taken, and such its ele- 
ments determined can put together consistently, would cer- 
tainly seem that some such method measuring and keeping its 
record would absolutely necessary. 
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EXPERIMENTS THE PROTECTION STEEL 
AND ALUMINUM EXPOSED WATER. 


PRESENTED DECEMBER 20TH, 1899. 


This paper states the results the continuation series ex- 
periments determine the comparative durability paints and 
varnishes, which experiments were begun February, 1895, and were 
made the subject paper read before this Society November 4th, 
1896.* The plates described had been exposed the 
action sea water the ‘New York Navy Yard for period six 
months; those described now were chiefly triplicate sets, one set 
which was exposed under the surface sea water the New 
York Navy Yard, another was similarly placed the Norfolk Navy 
Yard, while the third was placed fresh water, Lake Cochituate, 
near Boston, Mass. All were placed the water during the last half 
June, 1897. Those Norfolk and Boston remained untouched until 
July, 1899, little more than two years; but those the New York 
waters were cages suspended float which was accidentally sunk 
July, 1898, and more than half the plates were lost; the remainder 
sent mail Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 


Transactions, Soc. E., Vol. xxxvi, 483. 
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were taken out July 21st, 1899, after immersion exactly thirteen 
months. 

The consent the Navy Department was obtained for placing the 
plates the Navy Yards, and this whole matter the author under 
great obligations Naval Constructor Bowles and Assistant 
Naval Constructor Watt, the New York Yard, and Naval 
Constructor Stahl, the Norfolk Yard. The Boston set 
was placed the courtesy Desmond FitzGerald, President, Am. Soc. 
E., Engineer the Sudbury Department, Metropolitan Water 
Board Massachusetts. 

The assistance rendered these gentlemen was essential carry- 
ing the experiments. The frames cages, containing the plates 
and aluminum which had been painted, were placed and 
removed from the water their assistants; the New York plates, 
removal from the water, were inspected Mr. Bowles and Mr. Watt, 
also representatives some the technical journals, and 
several engineers; the Norfolk set was examined Mr. Stahl and 
expert, under his directions. The Engineering Department the 
Metropolitan Water Board had representative the ground 
inspect the plates Lake Cochituate, but, owing unexpected diffi- 
culties encountered getting the plates from the water, was found 
convenient make local inspection. 

With the exception the ships’-bottom paints, which were applied 
the New York Navy Yard, the work preparing and applying the 
coatings was done Edward Smith Company, New York City, 
who paid all the expenses incident the whole work. Thealuminum 
plates were furnished free charge the Pittsburg Reduction Com- 
pany. 

The plates were suspended open cages racks, and were 
horizontal position one above another, about ins. apart. They fitted 
tightly the racks, and each plate was supported the four corners. 
The racks were suspended about ft. below the surface the water, 
but Lake Cochituate they were laid the bottom, which was hard, 
about ft. below the surface, and the plates were vertical. Besides 
the plates lost New York, one rack containing plates was lost 
Norfolk. was suspended two galvanized iron chains, which 
rusted off. This gives some idea the severity the exposure. All 
the Boston plates were recovered. 
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the salt-water tests was found that barnacles and other 
organisms attached themselves the lower sides Inthe 
Norfolk Navy Yard the action these was severe destroy the 
paint the under sides all the plates, with the exception those 
coated with the Sabin Pipe Coating, which did not seem affected, 
although oysters ins. length were found growing When 
these were removed the coating was intact. But with this 
exception, remembered, looking over Table No. that 
only one side the plates the Norfolk set described, the coatings 
the other side being uniformly destroyed, while the New York 
and Boston sets both sides the plates are included the descrip- 
tion. 

Such varnishes are mentioned this paper are made melting, 
temperature 700° 900° Fahr., certain resinous substances, 
such Kauri, Manila and Zanzibar resins, and 
mineral known gilsonite; 100 resin usually melted 
once, and this then added quantity linseed oil, also 
hot, the amount which varies according tothe kind varnish 
made. galls. oil used the product called 20-gall. 
resin and oil then heated for some hours until combination 
occurs, and the product then thinned with spirit turpentine, 
which regarded vehicle. Varnishes made with galls. oil, 
and with Manila, Kauri and Zanzibar resins, would designated 
M., K., and Z., respectively; and on. Enamel paints are 
made grinding pigments these varnishes, exactly oil paints 
are made grinding the same pigments linseed oil. 

Inasmuch has been believed that the process baking adds 
the durability these coatings, few cases duplicates were pre- 
pared, one which was baked and the other allowed dry the 
ordinary temperature. 

three varnishes, and K., and pure raw linseed oil. 
Then, for another similar set, these same liquids were mixed, 
grinding with white zinc; another set was prepared with white lead; 
another set with ultramarine blue; another set with graphite; and 
on. This ought show whether one pigment better than another, 


and which vehicle the best. Besides these, plates were painted with 
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pure red lead pure linseed oil, with two mixtures red lead and 
white with purple oxide iron (crocus) oil, and with Prince’s 
metallic oxide iron, which very well-known pigment consisting 
iron oxide mixed with various silicates, oil. 

Besides these coatings known composition, two popular and 
widely-known proprietary paints, the Eureka paint and the graphite 
paint made the Detroit Graphite Manufacturing Company, were 
tried. These oil paints and proprietary paints were presumed 
afford sort standard which the other coatings could judged. 

The coating material described the table ‘‘Spar,” one the 
well-known class spar varnishes used for exterior work, and the kind 
used was made Edward Smith Company. The No. 
well-known interior varnish. The substance indicated the 
Coating,” which varnish which considerable amount gilson- 
ite has been substituted for corresponding quantity resin. 
containing less oil, and has been used painting the interior water- 
pipes. C.” the Sabin Pipe Coating, varnish enamel which 
baked about 400° Fahr., and which has been used some 
the largest hydraulic works this country and largely used 
coating pipes United States naval vessels. well- 
known pigment, probably ground slate, and was used furnish pig- 
ment composed silicates for comparison. The iron oxide used 
the purest commercial sesquioxide, containing over oxide iron. 
The purple oxide iron oxide which has been subjected pro- 
longed heating, and supposed anhydrous. The ‘‘iron oxide 
mixture was prepared from formula furnished Naval 
Constructor Bowles; the shellac pure Shellac” grain 
alcohol. The paints known Rahtjen’s, McInnes’ and Holtzapfel, 
are anti-corrosive and anti-fouling ships’-bottom paints, and were 
furnished and applied the New York Navy Yard. 

The nomenclature and abbreviations Table No. are fol- 
lows: 


20-gall. Kauri Varnish. 
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30-gall. Manila Varnish. 

Durable Metal Coating. 
Um. Blue. Ultramarine Blue. 
White 

Pure Aluminum. 

Aluminum Alloy, per cent. 


The plates used for the purpose were uniform size, ins.; 
part them were aluminum and the remainder steel, about in. 
thickness. Since well known that aluminum not acted 
fresh water, the aluminum plates were all put the New York and 
Norfolk sets. The plates numbered from 151 163, inclusive, the 
New York set, correspond those numbered from 176 187, inclusive, 
the Norfolk set, and are pure aluminum; those numbered from 164 
175, New York, correspond 188 200, Norfolk, and are aluminum 
plates alloyed with other metal. 

Besides these regular sets plates, cage containing plates, 
part steel and part aluminum, which had 1896 been exposed for six 
months the New York Yard, and are described the author’s paper 
November, 1896, were again exposed with the New York set. Half 
these were lost the accident already referred to, but the re- 
mainder are described Table these, Nos. 104, 105, 113, 
122 and 124 are aluminum,* and the rest are steel. All are distin- 
guished the table the date (1896) after the number. 

two entire cages steel plates were lost the New York Yard 
and one the Norfolk Yard, the descriptions the aluminum and 
the 1896” plates have been put the otherwise vacant spaces the 
table. All the plates, except those coated with Sabin Pipe Coating, 
which had two coats, received three full coats, well dried between 
coats. The red-lead paint used weighed about lbs. the gallon, 
and was put with the plate horizontal position, the top side 
the plate. After the paint had set, the plate was turned over and 


See paper already referred to. 
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the other side was painted. The steel plates were all the grade 
known pickled and cold-rolled, and were cleaned with steel wire 
brush. They were not pickled after they had left the steel mill, but 
their surfaces were perfectly clean and bright after being brushed. 


most cases, the protective coatings seem begin deteriorate 
the surface, which becomes rough; then little blisters appear, which 
are caused the separation the last coat from those beneath; 
finally the undercoat blisters, which case found, almost invari- 
ably, that rust has formed under the blister. If, however, the coating 
porous—and this seems the case with the ordinary oil paints— 
the water reaches the metal and causes rust. This throws off the paint 
film, and the Gorrosion spreads rapidly this way. 

Protective coatings, such are applied with brush, are three 
classes 

Pigment paints, which the vehicle liquid part either 
linseed oil (or inferior substitute) varnish, and with this liquid 
portion mixed mechanically powdered solid, usually mineral 
substance ground fine powder; 

Red lead, which mixture red lead and linseed oil, and 


which does not dry oxidation other oil paints, but sets like 
cement; and 


Varnishes. 


The linseed oil ordinary oil paints dries the absorption 
oxygen tough leathery substance, but the film thus formed soft 
and gummy, and quite porous. Pigment added the oil for 
three reasons. makes the liquid thicker and more viscous, thus 
enabling the operator put thicker film; makes harder film, 
which will better resist abrasion; and the particles pigment tend 
fill the pores the film, thus rendering more continuous. 

Varnish forms much more continuous (less porous) film than oil, 
hence better adapted for use paint, and this shown con- 
spicuously examination these tests, where the oil paints have 
failed, without exception, while the corresponding varnish paints are, 
most cases, good condition. The character the pigment does 
not seem have much influence. All the oil paint samples were 


badly rusted that differentiation among them was impossible. may 


| 
} 


676 SABIN PROTECTION STEEL AND ALUMINUM. [Papers. 


that earlier inspection would have shown differences, but the 
present appearance all these plates similar that seems un- 
likely, and certainly the varnish paints not show any great differ- 
ences the matter the pigments, except that white zinc seems 
somewhat the best. The iron oxides, graphites, and pulverized 
slate are all alike. The red lead, the Boston and New York sets, far 
better than any the oil paints. The mixtures red lead and white 
zinc are markedly inferior red lead alone. the Norfolk test, 
which was much more severe, the red lead had finally been quite 
destroyed. Deterioration the case red lead seems always start 
from centers. the Boston set, the red lead seemed pretty 
good condition, but would probably not have lasted more than year 
shows numerous rust spots. The blisters all start 
from the metal. But most the varnish paints are much better than 
the red lead. 

study the varnishes applied without pigment seems show 
that the fresh-water exposure the process baking was, the 
whole, advantage, but not greatly so. the salt water, the 
unbaked varnishes were better than the baked; this 
agrees with the results recorded 1896. The Manila varnishes are 
distinctly inferior the Kauri and Zanzibar; the ‘‘Durable Metal 
best all. This doubtless due, large degree, 
the fact that this varnish, which intended especially for the protec- 
tion structural steel, made with heavy body, and the film 
greater thickness than the case with varnishes intended for wood 
work. Its composition has also been very carefully studied and 
designed secure great durability, which much less importance 
than other qualities ordinary varnishes. 

far the best results, however, with the exceptions here- 
after noted, were obtained from the best the enamel paints. Here, 
also, the Manila varnishes are decidedly inferior, and, the opinion 
the author, these should excluded hereafter from any such tests, 
although they make much better comparative showing wood. 

the enamel varnish paints, those made with the more elastic 
varnishes (those containing the most oil) are decidedly the better. 
The extreme durability these well shown the plates. 
These were first exposed the air two three months, then they 
were the sea water six months, then exposed the air nearly year, 
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then under water thirteen months, and have since been exposed the 
air over sixteen months, making total four years, and they are 
still, all intents, perfect. 

true that the air exposures have been indoors, but was 
building adjacent railroad yard, where unprotected iron and even 
nickel steel covered with deep rust two three months, and the 
air often acrid cause coughing. Two years’ continuous 
immersion fresh water has not injured some these enamels, and two 
years the excessively severe exposure the Norfolk Navy Yard has 
left several them good condition, being practically uninjured. 

generally true all the better class coatings that corrosion 
begins the edges the plate. the case aluminum plates, 
seems evident the author that some these coatings, notably the 
and the Durable Metal Coating have been gradu- 
ally thrown off corrosion creeping from the edge, probably from 
some mechanical injury, under the varnish, patch which remains 
uninjured and apparently without deterioration the middle the 
plate. This fact should not lost sight considering this matter, 
and one the points shown inspection the plates, but not 
easily brought out description. 

Undoubtedly, the most obvious and conspicuous, and the most 
instructive, fact, the total and absolutely universal failure linseed 
oil films, either alone mixed with any the numerous pigments 
which were tried, while the corresponding varnishes and enamel 
paints made with the same pigments are fair good condition. 
This confirms strikingly the opinion, long held the author and 
many others greater experience, that varnish films are much more 
impervious and resistant than any others. The exceptional cases 
noted are: 

First.—The Pipe Coating,” baked enamel, which 
much superior the others form class itself, and 

Second.—The extraordinary showing made pure shellac varnish 
the Lake Cochituate test. Shellac varnish simply solution 
shellac resin, which chemically acid substance, alcohol. 

There are many grades shellac the one used was what has for 
many years been known shellac, and was dis- 
solved pure 97% grain alcohol. Being acid substance, 
attacked and dissolved readily the ammoniain the atmosphere. 


a 
q 
4 
4 
4 
> 
4 
q 
| 


678 PROTECTION STEEL AND ALUMINUM. [Papers. 


removed easily soap and water. has never been considered 
durable varnish ordinarily used wood work, and does not 
stand all the sea-water tests, but two years’ exposure under ft. 
fresh water does not seem have injured sensibly. This may 
avery serious matter, for, while this regard better than 
some other varnishes, such Durable Metal Coating,” which cost 
much less money, shellac varnish has some important and exceed- 
ingly desirable qualities, which other varnish has. For example, 
occasionally are confronted with the problem repainting sec- 
tion large water pipe which can spared from use only few days. 
The interior this damp. The best that can done with 
get out most the visible water, but the cold surface the 
metal will always damp. ordinary varnish will stick such 
surface, and corrosion will probably set once; ordinary 
varnish, sufficient durability worth putting on, will dry the 
limited time our disposal. Now, shellac dissolved vehicle 
which has intense affinity for water, and highly probable that 
thin film dew will instantly absorbed, and will certainly 
removed, the evaporation the slightly diluted alcohol; and 
shellac, applied thin coat, dries with the greatest rapidity. 
Three coats may applied eight hours. There nounpleasant 
dangerous odor, though should secured, both account 
the risk fire and because working atmosphere alcoholic 
vapor produces intoxication. certainly seems from this test 
though would justified using shellac varnish such case. 
expensive, course, and very likely that the cheaper grades, 
which are found ordinary use very much inferior durability, 
would not efficient. any case would not necessary 
use where the conditions are such that some equally good but slower 
drying coating can used. 

The metal plates used these tests were free from rust scale, 
and showed all cases the bright color the metal. prepare 
plates for paint test, this the only way which will give compara- 
tive results. author positive about this. sometimes said 
that not get our metal this condition when paint it, and 
therefore proper make tests somewhat rusty iron, iron 
with mill scale it. the first place, ought get the iron 
that clean condition, and the author not without hope liv- 
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ing see the day when will done, the case permanent struct- 
ures; and secondly, satisfied, from many years’ constant experi- 
ence such experiments conducted most extensive scale, that 
absolutely impossible get uniform conditions with rusty metal. 
dozen metal plates, even cut from the same sheet, will not rust 
uniformly; one will throw off scale and another will not. The mill 
scale plate will almost entirely removed from part plate 


passing through bending rolls, while will adhere firmly 


another part the same plate. this plate had been cut and used 


for tests, the paint one piece would come off and another would 

stay on, and the scale always different the two sides plate. 
Exposure tests, such these, are much more importance than 

laboratory tests. The manufacturers paints and varnishes, some 


whom are probably the best experts this matter, never depend 


any but exposure test. means impossible that rapid 


laboratory tests may yet devised, but such crude ones have been 
far proposed are most cases little value: Such test, for 
example, that with caustic alkali. This substance unknown 
Nature, and good paint will stand it, while perfectly worthless 
paint might made which would stand very well. nitric-acid 
test the same sort. will simply burn any organic substance, 
and some the best linseed oil paints will yield most readily. 
would hardly regarded fair test the comparative health 
dozen human beings administer each them couple 
ounces nitric acid and keep watch see which lived longest, yet 
probably each could take few drops per day without incon- 
venience. This about what many these so-called paint tests 


Some laboratory tests are considerable value, but none 
conclusive. 


amount to. 


has frequently been objected these submarine tests that they 
are value only regards the same conditions, and there some 
justice such criticism; but much weakened the obvious 
fact that there practical agreement between the fresh-water and 
the sea-water tests. The latter were most severe, but most cases 
the difference has been one degree only. And the rather large 
experience the author and his associates, these tests seem agree 
general with aerial exposures, reasonable exception being made 
the case coatings intended expressly for marine for aerial use. 


‘i 
4 
> 
q 
. 
d 4 
d 
q 


Lake Cochituate, Boston. 


SABIN PROTECTION STEEL AND ALUMINUM. [Papers. 


TABLE No. 


rust except where rust; coating much corrosion, 
aged alon edges; many| injured. coating about destroyed. 
very small blisters. 


Like 401, not good. than 404; 407, but considerably 
nearly destroyed. better. 


Like 401. Not quite bad 405. 408, but perhaps 
little better. 


> 
> 


801 310, coatings not destroyed; all considerably in-| 
jured; blistered small spots; considerable 
rosion; 301 worst; and best, 307-8 not 


Navy Yard, New York. 


Some rust one side rusted; firm and good; 
good condi- the good con-| very little rust. 
ion. ion. 


Like Paint hard and firm; little corrosion near the 
good condition. edges; otherwise all right. 


Good. blisters; small blisters; other- 
wise good. 


Good. corrosion 
along edges. 
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No. 1—(Continued). 
isolated rust 
About like 407. Good, in. diam- 
and injured along edges. coating otherwise 
411-Shellac. 414-D. 418-Parahydric. 
Very excellent condition. Like 413. Like 417. 
412-Raw Oil. 415-D. 419-Parahydric. 
Like 413. Like 417. 
roded; many tubercles. 
Like Like 417. 
Many small blisters, all on; blisters. 
outer coat chiefly; very 
Coating practically gone; Like 313. Like 317. 
badly rusted. 
312-Raw Oil. 315-D. 319-Parahydric. 
Coating destroyed; very Like Like 
badly rusted. 
> 
Like 313. Like 317. 
124 one 105 (1896)-Chromium ox- 
baked. ide K., one side 
baked. 
few small blisters,|A few blisters; otherwise 
otherwise perfectly good.| excellent condition. 
one side baked. 
Like 124. 


one side baked. 


Like 122. 
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No. 


Perfect, except where coat- 

ing one two the surface, layer coating 

broken edge with cor-| edges, blistered, nearly destroyed; under 


rust underneath. coat good. 
Like 421. Much better than 425; few slight rust spots; 
blisters; little corrosion.| outer coat blistered. 
Like condition; some one-fifth rusted; 
coating; rust. outer coat chiefly. 
424-S. 
Like 


| 


good condition.|Blistered; not very good. Coating all gone. 


See note text. 
= 
Like 321. Three-fourths coating|Two-thirds coating gone, 
destroyed; thin rust. but one-third the 
middle perfectly good. 
Like Like 176. One-fifth gone, one-fifth 
blistered; remainder 
Like 321. Coating all gone. One-tenth gone one 
edge; remainder all 
half gone. Cor- 
rosion not deep. 
151 A-20 155 A-Spar. 
Blistered along edges and Most the varnish soft, 
spots. but some not affected. 
_firm. Little corrosion. badly corroded. 
some Twenty per cent. blistered 
deep. Coating around edges. Coating 
remainder firm. firm; not much corrosion, 


153 A-40 158 A-S. 

Excellent. Coating not in- 

Badly corroded; jured, except acci- 

nearly all destroyed. removing from 
rame. 
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Not much rust; outer coat 


under 
coat slightly so. 


Better than 431. Outer coat 
blistered. 


Like 482. 


435-W. Raw Oil. 


Four-fifths 
badly rusted; deep cor- 


Almost perfect; still coating brittle 
glossy surface places and shows de- 


terioration. 
Like 436. little better than 439, 


Like Almost perfect. 


Lake Cochituate, Boston. 


183 A-S. 


Perfectly good condition. 


Fine; rusting nor blist- 
ering. 


Like 184, but discolored. 


Like 


187 A-W. Spar. 191 AA-I. No. 


Like 184. Coating all gone. 

188 AA-20 192 AA-Spar. 

Coating all gone. gone; 

| 

189 193 AA-Spar. 

Three-quarters gone; small Like 
patch the middle all 

right. 


Half gone; like 189. One-third badly blistered 


from edges; remainder 
good. 


Like 


Coating hard. 


blistered. 


blisters; otherwise like 
160 A. 


Like 161 


Upper side perfect; 


Not deeply corroded. Sev-|Considerable blistering and 
eral large blisters: other-| corrosion. Coating easily 
wise good condition. scraped off. 


AA-20 168 AA-Spar. 
three-| Like 167, but not badly cor- 
fourths the roded. 
destroyed. 
165 AA-30 
Like 
Badly blistered, but not 


badly corroded. blisters: very little 
one side firm; corrosion; coating gen- 
other soft. erally firm. 


Navy Yard, Norfolk, Va. 


Navy Yard, New York. 
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No. 


Lake Cochituate, Boston. 


Nearly perfect. 


Very little corrosion. 
superficial blisters. deep; paint practically 
destroyed. 


Excellent; condition; little worse than 449. 


superficial and few. 


444-W. Spar, baked. 


Like better. 


Some superficial blisters. 


Like 446. 


Worse than 449; deep rust. 


448-W. Raw Oil. 


corrosion;|Like 451; 
about half the plate in| rusted. 
good condition. 


452-Um Blue Raw Oil. 


whole surface 


Good; blistered little little from 


the edges. 


edges; 
right. 


otherwise 


Fine, but discolored; like 
185. 


Fine, but blistered little 


along the edges. 


Like 197. 


200 AA-S. 
Like 199. 


Nearly all gone. 


Blue Raw Oil. 


Coating all gone; very 
badly rusted. 


Navy Yard, New York. 


Very little corrosion. Blis- perfectly good condi- 


ters amount 
Coating good. 


Good, but not equal 


170 AA. 


corrosion; 
excellent condition. 


About like 172. 


tion. 
Like 174. 


Very many small blisters; 
very little corrosion. 


252-Um. Blue Raw Oil. 


Uniformly corroded; coat- 


ing all gone. 
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No. 1—( Continued). 


453-Graphite 


Very good; some condition; little rust; small blis- 


blisters. some small blisters. ters outer coat. 

Like 453. Like 457. Better than 461; rust. 

Like 453. little rust; many small Like 462. 
superficial blisters. 


Deeply and Badly and deeply deep and gen- 
rusted; about one tent eral; paint all gone. 
the paint still good. 


blistered and good condition; 


rust. quarter gone. few blisters. 

Half gone; much rust. Blistered,but not destroyed| Not quite good 361. 
One-quarter gone. Blistered, but not bad Like 361. 
condition. 


Nearly all gone; badly rusted. Like 360. 
rusted. 


few blisters; very corrosion; but not very 
corrosion. very small blisters. badly. Not much corro- 
sion. 
Like 253. Like 257. Like 261. Not deeply 
rusted. 
corrosion. Paint Like 257. Like 262. 
good condition. Numer- 
ous very small blisters. 
256-Graphite Raw Oil. Raw 264-Iron Oxidein Raw Oil. 


Uniformly corroded; destroyed and Like 260. 
ing all gone. plate badly corroded. 
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No. 1—(Continued). 


Paint still tough; looks 
well. Blisters from the 
bottom with slight cor- 
rosion beneath. 


469-Eureka Paint. 
General corrosion; 


paint 
entirely destroyed. 


475-International Holtz- 
apfel. 
Like 469; paint nearly all 
destroyed. 


470-Detroit Graphite. 


Like 469. 


467-Prince’s Metallic 
Raw Oil. 
About one-quarter deeply 
rusted; paint practically 
all gone. 


‘i. 


Like 467. 


Lead Raw Oil. 


= 


Navy Yard, New York. 


Coating destroyed; plate 
badly rusted. 


472-Iron Oxide Shellac 


477-Red Lead and 
mixture. 


Raw Oil. 

Many deep 
about 5%; remainder 
good. 
478-Red Lead and 

Raw Oil. 


Good condition; about 
rusted. 


Like 477. Not nearly 


Like 


Like 365. 


370-Detroit Graphite. 
Like 


375-International Holtz- 
apfel. 


Like 365. 


367-Prince’s Metallic 
Raw Oil. 


Like 365. 
Oxide Raw 
il. 


Like 365. 


Coating badly destroyed. 
Considerable corrosion. 


265-Red Lead Raw Oil. 


372-Iron Oxidein 377-Red Lead and 
mixture. Raw Oil. 


Paint destroyed; general, Like 365. 
but not deep corrosion. 


Raw Oil. 
Like 365. 
Like 365. 


Paint. 


barnacles. 


no 


270-Detroit Graphite. 
Like 260. 


275-International Holtz- 


apfel. 

Paint badly gone; much 
corrosion; many small 
barnacles. 


267-Prince’s 
Raw Oil. 


Like 260. 


Metallic 


268-Purple Oxide Raw 
Oil. 


Like 260. 


272-Iron Oxide 277-Red Lead and 
mixture. Raw Oil. 
Coating thin; gone 
few blisters; many places; consider- 
good condition. able corrosion. 


Raw Oil. 
Paint badly gone; consid- 
erable rusting. Many Like 277. 
small barnacles. 
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481-20 K., baked. 


Practically perfect; coat- 
ing still glossy. 


No. 1—(Concluded). 


484-30 M., baked. 


Several deep spots rust, 
coating badly blistered. 


482-30 K., baked. 
Like 481. 


483-40 K., baked. 
Like 481. 


485-30 Z., baked. 
Like 481. 


486-Spar, baked, 
Like 481. 


487-I. No. baked. 
Like 481. 


488-Raw Oil, baked. 


Badly and deeply rusted. 
Two-fifths the surface 
good. 


489-D. C., baked. 


Fine; few small blisters 
the outer coat. 
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baked. 


Half the coating de- 
stroyed; the rest 
Not much rust. 


K., baked. 


Four-fifths destroyed; 
little rust. 


384-30 M., baked. 
Like 382. 


Z., baked. 
Like 382. 


383-40 K., baked. 
Like 382. 


386-Spar, baked. 
Nearly all gone; little 


281-20 K., baked. 
Plate thinly rusted along 
the edges. 


K., baked. 


rust beneath, over most 
the plate. 


K., baked. 


small blisters; not 
much rust. 


387-I. No. baked. 
Like 386. 


Oil, baked. 
All gone; rusted. 


389-D. C., baked. 


Three-quarters gone; re- 
mainder good; very little 
rust. 


284-30 M., baked. 


Many small and some me- 
dium-sized blisters. Not 
badly rusted. 


285-30 Z., baked. 


| 
Small blisters, with Badly corroded. Coating 


rusting. Very small 
ters. 
286-Spar, baked. 


Coating badly 
much 


Navy Yard, Norfolk, Va. 


287-I. No. baked. 


Not much corrosion; 
small blisters. 


288-Raw Oil, baked. 


destroyed. 
| 


289-D. C., baked. 


Very many blisters. 
Not very much corrosion. 


Navy Yard, New York. 
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THE THEORY CONCRETE. 
Discussion.* 


point which, seems the writer, has not been made sufficiently 
clear this discussion, although really the basis the most 
economical mixture for any given quantity cement. make 
concrete using merely cement and sand, cement and stone, 
will take large amount cement fill the voids the sand, 
the stone, for any given quantity concrete; but make con- 
crete cement, sand and stone, the sand fills the larger voids the 
stone and the cement has only fill the remaining voids the mass; 
very much smaller percentage than either the first two cases. 
If, the mixture cement, sand and stone, the sand and stone are not 
proper proportions, the cement called upon more work than 
should; that is, has fill the larger voids this excess material. 
Take, for instance, sand having 45% voids, and stone having 40% 
voids. With the sand just filling the voids the stone, easily 
calculated that the resultant mass has 18% voids; but supposing 
excess 10% sand, there would 10% the material having 45% 
voids, which means there would 2.5% more voids the resultant 
mass. 

The cement necessary fill these extra voids, seen, 
really wasted, for the resultant concrete would have been much 


Continued from September, 1899, Proceedings. 


: 
2 
| 
q 
3 
g 
q 
4 
j 
i 


Papers.] DISCUSSION THE THEORY CONCRETE. 689 


ing the same amount cement 2.5% excess the mass. 

The above example indicates what frequently happens mixing 
concrete. Indeed, what frequently advocated discussion and 
writings the subject; that is, make mortar cement 
and sand and mix this mortar with the stone, being sure that the 
mortar slightly excess, fill all the voids the stone. 

This what known drowning the stone, and the resultant con- 
crete hardly any better, far properties are concerned, than 
concrete cement and sand alone. After the stone once drowned 
addition mortar will improve the concrete. 

The writer has frequently made rich concrete poor one 
simply rearranging the proportions sand and stone without the 
least changing the proportions cement the mass. 

must apparent that there just one proportion and only one 
which any two such materials sand and stone can combined 
and give minimum number voids the resultant mass, and 
seems the writer that this the proportion which they should 
always mixed, whether want poor rich concrete. Mix the 
sand and the stone definite fixed quantity determined 
experiment for the particular material use, and then add cement 
economy dictates, possibly 10% excess the voids the com- 
bined material. 

This suggests another proposition which must almost self- 
evident, namely, that the proper selection and grading the sand 
and aggregate produce the least number voids will 
allow corresponding reduction the amount cement used 
without reducing the quality the concrete desired. making 
such mixtures, however, the necessary relation the size the par- 
ticles the different materials should kept mind, that is, the 
particles each material should small enough easily enter the 
voids formed the particles the next larger material; otherwise 
they will left out and themselves form voids, which must filled 
the finer material remain unfilled, the detriment the con- 

quite common find sand used which too fine -for the 
cement, sand which the larger particles act merely stone, 
stone with its voids partly filled with sand dust. 

The proper proportions sand and stone can determined 
mixing sample batches and determining their voids any the 
well-known methods; or, another very satisfactory method, also 
gives information the relative sizes the materials, make 
mechanical analysis all the materials the manner prescribed 
the Massachusetts State Board Health analysis sands, and 
from the resultant curves figure the composition giving the highest 


stronger the sand had been decreased and the stone increased, leav- Mr. Fuller. 
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uniformity coefficient. The writer has used the foregoing methods 
concrete structures with uniform success the reduction the 
amount cement required, without reducing the apparent quality, 
and, changes the proportions the aggregates, has maintained 
uniform quality concrete, through the use wide range aggre- 
gates, without changing the percentage cement. 

discussing the relative merits hand-mixed and machine-mixed 
concretes quite essential that the kind machine with which 
the comparison made should stated, there much differ- 
ence between the products different machines between that 
good and poor hand-mixing. With machine the cubical-box type, 
into which all the materials, including the water, can measured 
accurately, the product, far observation can establish it, 
superior the best hand work. With such machine the writer has 
seen concrete, almost absolutely unvarying quality and consistency, 
produced for days time. 

has had considerable experience with hand-made concrete, but none 
with machine-made. 

The hand-made concrete, any use, requires continual, hard 
and conscientious work the part the mixers, and continual 
inspection intelligent, live and honest inspector, who will always 
insist having everything done well. 

The instant the inspector turns his back, the temptation turn 
the water the mortar, before the sand and cement are thoroughly 
mixed, and, fact, before they are mixed all, too much for the 
average laborer resist, especially hard pushed and the day 
hot. Taking all things into consideration, the writer would expect 
find machine-made concrete superior hand-made large 
majority cases. 

Only cases where concrete exposed the sun does the writer 
agree with Mr. Gould the advisability keeping concrete moist 
for long time after being placed the work. The writer has 
reached this conclusion, partly result test quite number 
briquettes which were mixed about five years ago and recently 
broken. Some were neat cement, One 
set each these was mixed with fresh water, one with salt 
water, and the other with 13% salt water. set briquettes 
was laid away wooden shelves warm office soon after mixing, 
and the other half was placed water and kept there until ready 
broken. Many these briquettes, have been broken, and, far, 
those whatever kind which were kept dry have shown the greatest 
tensile strength. 

The writer was one time firm believer the dry mixing 
concrete, but having seen several thousand cubic yards mixed dry and 
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over 000 cu. yds. mixed wet, the proportion and placed 
the other half the same reservoir, became firm advocate wet 
mixing. 

careful force account was kept the last cu. yds., 
order ascertain the actual cost per cubic yard. The wages paid 
were: Foremen, $2.50; laborers, $1.35; and teams, including driver, 
$4.00 per day. the cost each item the force account has 
been added for superintendent, timekeeper, office help, and 
included the figures here given. The cost blasting not included, 
because the contractor was paid for excavating the rock, that the 
cost begins with the loading and hauling the crusher. The average 
haul was 400 ft. and from the crusher. 

The cost per cubic yard subdivided follows: 


Loading and hauling 


Concreting gang: 


0.68 


concrete” certainly subject upon which civil engineers should 
well informed, but, nevertheless, the fact remains that the execu- 
tion invariably left contractor, who, while carrying out the in- 
structions the civil engineer, required guarantee the success 
and perfection the work. 

one occasion the writer was consulted the proprietor 
livery stable who had taken from local contractor sub-contract for 
hauling cement, sand and broken stone the cubic yard, and, upon 
presenting the bill, was informed the contractor that inasmuch 
the concrete had required part cement, parts sand and parts 
broken stone, making total parts, while the actual number 
square yards concrete laid, ins. thick, was approximately 
000 sq. yds., about 000 cu. yds. concrete, and consequently 


placed depth ins. over reservoir bottom, and afterward Mr. 


Aurrep Am. Soc. (by letter).—The mr. Harley. 
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Mr. Harley. the stable proprietor could only have hauled 000 cu. yds. cement, 


cu. yds. sand and 6000 cu. yds. broken stone. All 
which argument the livery stable proprietor followed very clearly 
mind, but failed check with the actual number loads the 
teams had carried, even when taking into consideration the assumption 
that quantity the material might have been dropped along the road. 
The writer was not made party the settlement finally reached, 
but the shrinkage the material when rammed was certainly not 
taken into consideration. 

The writer cannot agree with Mr. Tillson the economic use 
machine-mixer for street concrete work. The figures Mr. Tillson 
gives should least reversed, cents being, the writer’s esti- 
mation, minimum figure for hand-made concrete and cents 
minimum figure for machine-mixed concrete. Neither the result 
equally good, the writer’s opinion. The wheeling for any 
distance barrow tends bring the mortar the bottom, while 
the most valuable part the concrete, commonly called ‘‘the slush,” 
wasted along the run-boards and could not picked and used 
before the initial set had taken place; while the amount water 
cannot regulated nicely the closed trough the machine 
when allowed run the concrete from hose turned over 
hand. 

Where continuous shoveling has performed, with concrete 
mixed hand, infinitely less fatiguing the laborer steel 
plate used shovel instead boards. Gravelis also much more 
easily shoveled than broken stone. 

Mr. Dunham’s remarks regard the use broken stone and 
the dust obtained breaking are interesting. gravel deposits 
there found frequently good quality sand such proportion 
fill entirely the voids between the gravel. great many civil 
engineers require the material screened, and the sand and gravel 
used separately the proportion specified. Lately, this class 
material has been used Government official without screening, 
and with very good result; and only reasonable suppose that 
the time the gravel deposit was formed, the voids were filled 
entirely with the fine particles sand washed into close position 
they could very well occupy. 

The advantage hand-mixed concrete, the writer’s estimation, 
not only cost, but the rapidity with which the concrete put 
into position after being mixed, and the proximity all the materials 
their final resting place. One practice which the writer very firmly 
believes following, throw few shovels full mortar, when 
mixed the board, over the top the last batch concrete just 
previously laid, and this means fill the interstices flush with the 
surface the concrete. might batch would then 


7 
3 
4 
q 


DISCUSSION THE THEORY CONCRETE. 693 


contain less mortar should, but this not so, inasmuch the Mr. Harley. 


operation repeated over each batch thrown into position. 

New Orleans, during the execution some contracts, the writer 
had opportunity run hand-concrete gang the same time 
that another firm contractors was operating concrete-mixer gang, 
and not only the employment less men, but also the number 
square yards laid during the day, were the results the two methods 
under discussion apparent and decidedly favor the hand-mixed 
concrete. 

day’s work, running three boards extending the full width 
the street, would average about 900 sq. yds. concrete ins. thick, 
which result all that could wished, from the following 

wheel-barrow men—broken stone gravel. 
men opening cement. 
dry mixing. 
taking off boards. 
tamping concrete. 
grading concrete. 
man attending run planks. 
water boys. 
extra men, or, all, say, men. 
The writer believes that Mr. Hall will find quite customary 


Europe use broken stone, gravel, sand and cement concrete, 
certain quantities. 
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Discussion.* 


Messrs. Henry and Henry Jacosy. 


Mr, Seaman Henry Am. Soc. E.—The difficulty mentioned 
the author arises from undue refinement bridge design. The use 
wheel concentrations implies that are designing for some precise 
loading the present time, while, Mr. Prichard intimates, our 
designs should approximate provision for future conditions. 
The use wheel concentrations practically submits the loading 
the criticism men who are not engineers, but who, nevertheless, 
exercise sufficient authority restrict the loading. This condition 
would avoided, some extent, satisfactory equivalent load 
could adopted. 

The method suggested, doubling the load, will avoid the 
culty described, though seems rather extreme measure. 
Fifteen years ago bridges were designed for 000-lb. concentrations, 
and to-day the actual concentrations some instances reach nearly 
50000 but this does not mean that they will reach 100 000 Ibs. 
the future. The larger part the present increase took place 
between 1885 and 1890, and the increase since the latter date has been 
comparatively slight, though its adoption has been more general. The 


This discussion (of the paper Henry Prichard, Am. Soc. E., printed 
Proceedings for August, 1899), printed Proceedings order that the views expressed 
may brought before all Members the Society for further discussion. (See rules 
for publication, Proceedings, Vol. xxv, 71.) 

this subject received November 24th, 1899, will printed 
later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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weights locomotives having been increased about much the Mr. Seaman. 
present gauge and car clearance will permit, any future increase will 

arise from change the distribution rather than from any material 

increase concentration, and there seems possibility 
doubling the loads for which the heaviest bridges are now designed. 


Henry Assoc. Am. Soc. (by letter).—The subject Mr. Jacoby. 
counter-bracing does not usually receive the attention deserves 

the design bridge trusses. Sometimes the only rule followed 

put counter panel each side those which theory 

requires their insertion for the specified dead and live loads, without 

regard the impact the future increase loads. some 
cases this may sufficient, but other cases the provision wholly 
inadequate. This rule certainly not rational 

The specification recommended the paper accordance with 
the best practice, known the writer, for the design counters. 
The increase 100% the live-load stresses, besides the addition for 
impact, not simply provide for the gradual increase the live 
load until may reach that figure before the life the bridge expires, 
but provide for occasional loads unusual magnitude, 
avoid the necessity shoring bridges for such requirements, 
except those which may nearing the end their service. 

pointed out, the need for better provision for counterstresses 
greater trusses with curved chords than for those with parallel 
horizontal chords. seems that some account should also taken 
the stresses due the overturning moment the wind, for 
reversal stress due insufficient counter-bracing caused the 
wind conjunction with the live load may just serious its 
results were caused entirely the live load. 

Under the usual specifications, the stress due the wind may 
neglected the design any member unless its magnitude exceeds 
given percentage the dead plus live-load stresses, its character 
being the same. When, however, the character the wind and live- 
load stresses different from that the dead-load stress may 
require but relatively small amount the wind stress cause 
reversal stress, and this fact often escapes notice account the 
too prevalent custom failing compute any minimum stresses. 

Again, the addition counter-brace panel may, turn, 
not only modify the magnitude the minimum stress adjacent 
vertical, but may actually change the character that stress, and 
thereby affect its design greater less extent. 
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IMPACT TESTS STRUCTURAL STEEL. 


Mr. Broomall. Jun. Am. Soc. (by letter).—All impact 
testing machines necessarily give truly comparative results only 
under similar conditions striking hammer, supports, foundations, 
etc. These conditions are not realized practice, and the best that 
can done arrange matters that the greater portion the 
energy the blow will absorbed the specimen. the propor- 
tion energy absorbed the specimen very large, the error 
caused the difference the conditions the apparatus will not 
affect materially the accuracy the results. the machine designed 
the author believed that the energy absorbed the specimen 
more than 90% the whole, that the results given must 

quite accurate. 
seems the writer, however, that machine might 
designed that the specimen would absorb practically all the energy 
the blow. Whether not the mechanical details would too com- 
plicated another question. The suggestion is, make use 
differential method measurement, and, instead mounting the 
specimen upon rigid supports, mount upon another pendulum 


This discussion (of the paper Bent Russell, Am. Soc. E., printed the 
Proceedings for printed Proceedings order that the views ex- 
pressed may brought before all members the Society for further discussion. (See 
rules for publication, Proceedings, Vol. xxv, 71.) 

Communications this subject received prior November 24th, 1899, will 
printed later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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initially rest. If, then, after the impact, the rise both pendu- Broomall. 
lums measured, the data are obtained from which calculate the 

energy absorbed. This energy must have been entirely spent upon 

the specimen and its clamps. these clamps are attached the 

second pendulum, their weight must added it. 'The only energy 

not spent upon the specimen will that absorbed deflecting and 

producing angular motion 

This differential method virtually amounts suspending Mr. 
Russell’s whole machine pendulum from the same axis the 
striking pendulum, and adjusting matters that the centers per- 
cussion the two pendulums are coincident with the point impact. 


4 
an 
’ 
| 
Py 
4 


Vol. XXV. OCTOBER, 1899. No. 


AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE ARTIFICIAL PRESERVATION RAILROAD 
TIES THE USE ZINC CHLORIDE. 


Discussion.* 


Eayrs, Am. Soc. (by author has 
presented deal valuable information the subject preserva- 
tion railroad ties, but regretted that the paper was not 
extended include ties and timber used bridges and viaducts. 
The cost renewing ties such structures and under traffic 
very much greater than that tie renewals ballast, and every year 
added the life such ties more valuable than the case com- 
mon ties. 

The writer’s experience recent years has been chiefly the 
maintenance bridges, viaducts and elevated structures, and has 
been surprised find that little effort has been made protect 
bridge ties and floors from the action the weather. For num- 
ber years past has been the writer’s practice paint bridge 
ties, and the result has been satisfactory that inclined 
doubt the advisability treating such ties any other preserva- 
tive process. One great objection using the ordinary processes 
for preserving such timber is, that, universally admitted, timber 
should not cut after treatment; was suggested the writer 
the management one preserving works that the ties should 
even bored for spikes before treatment. The expense such 
rehandling, and the extra freight charges, would prohibitive. 


Continued from 1899, Proceedings. See April, 1899, Proceedings for 


Soc. E., the subject. 
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The writer’s experience the St. Louis Bridge instance Mr. Eayrs. 


the value painting ties. The railway floor this bridge was 
changed tie floor 1888; the ties used were 7-in., long-leaf 
yellow pine, carefully selected. All daps were painted before the ties 
were placed, and also all surfaces where wood came contact with 
wood. After the floor was finished the ties were given two coats 
red oxide iron and linseed oil. These ties are perfectly sound 
condition to-day. Unfortunately, tie-plates were not used when the 
ties were first laid, and now necessary renew them account 
spike killing” and wear; otherwise the ties would good for 
years longer, not more. 

1897, the writer renewed the entire floor the elevated portion 
the St. Louis Merchants Bridge Terminal Railway. This floor was 
laid 1891 with oak ties, unpainted and untreated. Six years after- 
ward more than 50% the ties were badly decayed that nothing 
was left but shell. The traffic over this structure had been very 
light 1896, and, consequently, the ties had suffered mechani- 
used relaying was long-leaf yellow pine, 
and was painted with one coat mineral paint after framing, and 
one coat after being placed the track. The cost painting the 
ties, two coats, averaged 11} cents per tie. Tie-plates were used this 
structure, and, judging from the experience the St. Louis Bridge, 
these ties ought last years. About ties were treated dip- 
ping into bath hot Woodiline, and about 150 others were painted 
with Woodiline applied hot. The dipped ties were allowed remain 
the bath ten minutes; the amount absorbed was galls. per 000 
ft. M., about galls. per tie. The cost the work was cents 
per tie for material, and about cents per tie for labor handling, 
exclusive the cost the tank, steam connection and fuel. 

Taking into consideration the cost the process, the uncertainty 
getting the proper amount preservative the timber, and the 
necessity treating after the framing has been done, the writer’s 
opinion that for bridge ties there very little more economy any 
the preserving processes now use than painting. 


Jun. Am. Soc. (by letter).—Table No. and mr. 


the diagram, Fig. were prepared the writer during investi- 
gation the question timber preservation for the railroad system 
with which connected, for the purpose arriving rational 
and ready means comparing the economy different methods 
preservation. 

The diagram, omitting the four-sided figures lettered 
plotted from Table No. page 195, Bulletin No. United States 
Department Agriculture, Division Forestry. The abscissas rep- 
resent the cost cents each renewal, and the diagonal lines repre- 
sent the intervals between renewals. The ordinates show the annual 
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A First Quality White Oak, Untreated, Present Prices 
© bed “ Future Prices 
C Inferior Oaks, 

D “ “ Burnettized 
E Hemlock, Gum, ete., Untreated 
F 

G 

H 

L 


Burnettized 

“ “ and Tie-Plates: 
Untreated 
Burnettized 


o 
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“ 


- 


“ and Tie-Plates 
‘Untreated 
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K 

N 

P and Tie-Plates 
Q Inferior Yellow_Pine, 

R “ “ “ Creosoted 


8s “ “ “ Vulcanized 
T “ “ “ “ and Tie-Plates 


ANNUAL CHARGE IN CENTE NECESSARY TO LIQUIDATE SUCCESSIVE RENEWALS AT 5% COMPOUND INTEREST 


DIAGRAM SHOWING 


FOR RENEWALS TIES 
ERENT TIME AND RENEWAL 


COST) OF EACH RENEWAL IN CENTS INCLUDING LABOR) jOF PUTTING MATERI/ LIN PLACE 
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Mr. Selby. charge cents, based 5%, compound interest, necessary liqui- 


date the succeeding renewals the intervals shown. other words, 
the amount which would necessary set aside each year 
and invest 5%, compound interest, order equal, the end, 
the cost all renewals reckoned the same rate interest. 

The diagram shows graphically and exactly the comparative ulti- 
mate economy various methods involving various lengths life and 
initial costs. The only approximation involved the assumed 
lengths life and assumed costs. Comparisons can made 
for structural timber taking the costs and annual charges 
dollars per 000 ft. M., instead cents per tie. 

While known that most railroads can now obtain money 
less than 5%, believed that the addition general expenses, 
taxes, costs financing, uncertainties distribution expenses, etc., 
makes basis comparison proper one, especially works 
the disadvantage the longer-lived ties and processes, the 
durability which there necessarily much uncertainty. 

The table was prepared include the principal kinds ties and 
methods treatment available large scale the system ques- 
tion. There are several species wood, such catalpa, sassafras, 
black walnut, etc., which are known very durable and valuable 
for cross-ties, but which are not available large enough quantities 
have much effect the tie supply large system, and they were 
not included the comparison. 

The basis comparison the first-class tie, white oak, burr 
oak post oak, filling the present specifications the system, cost- 
ing cents cents each, and lasting the track from years, 
under reasonably favorable conditions. view the increasing 
such first-quality oak, and rapidly advancing prices, com- 
parison also made basis the probable early future cost 
centseach. The assumptions the table, cost ties, treatment, 
putting track and probable life, are based reports from division 
engineers, and information from other sources, including Mr. Curtis’ 
paper, applicable the middle western territory covered the 
system. Limits were used rather than averages show the pos- 
sible range covered each process. 

The column headed Cost Track made adding 
together the cost the tie delivered, the cost treatment, any, and 
the labor cost involved removing the old tie and putting the new 
one. important that this item cost putting track in- 
cluded all comparisons, certainly expense involved each 
renewal, and its omission gives unfavorable advantage the short- 
lived ties and processes. The column headed Annual 
taken from the diagram for the preceding data total cost track 
and probable life. The last two columns the table show the length 
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life which must realized the different processes the as- 
sumed costs order equal economy white oak tie, first, 
present prices second, future prices. This was obtained from the 
diagram following out the horizontal line representing the average 
annual charge for the oak tie its intersection with the vertical line 
representing the average cost the treated tie. The year lying nearest 
this intersection the required life. 

The use metal tie-plates, with treated and untreated ties, was 
considered, together with other methods preservation, and the 
results show most promising method with soft wood ties. 
The cost tie-plates was assumed cents each, including the cost 
their transportation the site and putting them in. This may seem 
high for small plates, but likely realized with the advancing 
prices steel. 

Two assumptions were made for Burnettized beech ties, the first 
based their claimed and probable life to15 years, and the 
second life 9to years, which seems certain minimum, 
view experience with the process and improvements now 
being tried. The range cost vulcanizing was made large cover 
both the present cost and the future reduced cost the process 
proves successful and works are established the West. view 
developments the tie market, since the table was made, the price 
cedar ties was probably taken too low. 

The data the table have been plotted the diagram, each kind 
tie being represented four-sided figure, within the limits 
which will found the actual annual charge, the intersection the 
diagonals locating the average. Those plotting nearest the base 
line show the lowest annual charge, and hence the greatest economy. 

The one which plots lowest the beech Burnettized, but its life 
proven only years plots much higher, but still 
lower than the white oak tie cents. The chestnut tie with 
plates, the cedar tie with plates, and the inferior oaks Burnettized, 
all show greater economy than the white oak tie cents delivered. 
All the processes treatment plotted show greater ultimate economy 
than white oak tie which costs cents delivered and lasts only 
years, indicating that the time rapidly approaching when some 
form preservation will imperative. 

the face the diagram the best showing made the Bur- 
nettizing process, and untreated, long-lived, soft wood ties with 
plates. 

The flat inclination the lines representing the longer periods 
years shows that the amount are justified spending for tie 
increases rapidly with the life realized; that is, the annual charge 
more slowly comparison with the first cost for the long- 
lived ties than does for the short-lived ties. 


Mr. Selby. 
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The cost and probable life any individual case may easily fall 
outside the limits plotted, but any case easy follow out the 
horizontal line corresponding the cost track and probable life 
ties use find the life which will necessary realize from 
process given cost, the amount which justifiable pay out 
secure tie given life. 

The writer's investigation resulted recommendation for the 
purchase considerable number inferior oak ties and their treat- 
ment Burnettizing, and the purchase like number cedar and 
chestnut ties and their use with tie-plates; the number recommended 
being large enough considered experimental large scale. 

There much promise modified Burnettizing process, now 
being investigated leading tie-preserving company, consisting 
the injection both creosote and chloride. This likely 
prove durable, but may too expensive. The writer agrees with 
others who have taken part the discussion much the hesi- 
tancy the managements authorizing the use treated ties 
account the uncertainty which exists the actual life, under 
varying conditions, both ties now use and the treated ties. 

Certainty, this direction, only attained careful records 
all ties the track, showing length service and actual cause 
removal. Such records would value determining, not only 
the necessity for and the best processes treatment, but indicating 
the value improvements any given process. 

Past-President, Am. Soc. (by letter).—This paper 
chances most timely, for its publication concurs with one those 
swift advances prices which take place when suddenly discovered 
that the supply has been overtaken the demand. One year ago ties 
were selling about cheaply they had been for years past. 
Chicago, for instance, white oak ties were quoted cents and cedar 
ties cents, while now the price white oak cents, and 
cedar cents, with talk further advance. Railroad men, there- 
fore, are considering now the use and treatment the cheaper and 
more perishable kinds wood, which are still abundant. 

There longer any question the mind the writer that 
chemical treatment, applied thoroughly and skilfully, will more than 
double the life the inferior woods, and make equal superior 
that the more durable woods laid their natural state. the 
European experience has proved this, and spite some failures, 
due ignorance all the conditions success, American experience 
seen confirm that the Europeans. 

The writer drifted into this business chance some years 
ago. now that made some mistakes the beginning, and 
had much learn concerning the idiosyncracies various woods, 
that his experience may value those who may carry such 
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work hereafter. His first mistake consisted the apprehension that Mr. Chanute. 
strong solutions would make the ties unduly brittle, and believing 

that solutions zine chloride Beaumé, less, would penetrate 

farther into the wood than stronger and less limpid solutions. 

1879, Mr. Bischoff, then charge the tie-preserving 
works the Elizabeth Railway,” Austria, read 
elaborate paper before the Austrian Railroad Club, which, after 
describing the then state the art, gave account some experi- 
ments which had made, and which went show that 
solutions 1.7° Beaumé could forced into the wood further, and 
that they protected the ties better, than solutions 
instanced, proof, the results cited Mr. Funk, paper which 
has remained classic, concerning the life ties treated with solu- 
tions Beaumé, and stated that the Empress Elizabeth Rail- 
had changed over from the use solutions 
Beaumé those Beaumé. This practice, which seemed 
promise some economy, was followed many German railways, 
but the results were not found satisfactory. was ascertained 
that these railways did not good work others, which used 
stronger solutions, and the German specifications 1898 and 1899 
require the use solutions 3.5° Beaumé, and the injection 0.50 
0.55 dry zine chloride per cubic foot wood. 

consequence the fact that American ties get less seasoning 
than usual Germany, the writer began treating ties Chicago 
1886 with solutions 3.5°Beaumé, 80° Fahr., and has gradually 
increased the strength Beaumé, having the meantime learned 
experiment how inject these strong solutions without making 
the tie brittle. Not one them has broken the track. now 
injecting two and half times much chloride zinc did 
the beginning, and has every reason believe that the results, with 
ties treated since 1896, will entirely satisfactory. 

His second mistake consisted assuming that there was great 
difference the quantity solution absorbed each individual tie 
and that they might treated with success the order 
their arrival, Unfortunately, ties arrive Chicago vessels vary- 
ing condition; some have been cut longer and are better seasoned than 
others, while particular cargoes, parts cargoes, have been rafted 
out the vessels, and are saturated with water. was believed 
first that these varying conditions could overcome simply 
changing the strength the solution, from day day, correspond, 
and that satisfying results would follow. This proved error, 
and now refractory ties are unloaded upon the ground season; some 
000 having been treated 1898, and some 120000 1899. 
Moreover, hundreds experiments with individual ties, made 
weighing them just before and after treatment, have established the 
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fact that there are surprising differences the receptivity various 
kinds wood, and various ties cut the same time and from the 
same forest. Some will absorb three times much others, and, 
extreme cases, when both seasoned and unseasoned ties are tested, the 
differences are The conclusion drawn was, that, order 
inject the minimum zinc chloride guaranteed every tie, was 
necessary inject average about four times this quantity, 
and this now being done. 

This difference between individual ties was found greatest 
with tamarack, probably consequence the varying amount 
resin contained therein, and, after many experiments, the treatment 
ties this class was reluctantly abandoned. 

Thus seen, that, simple the process appears, theoretical 
knowledge alone not sufficient toinsure doing good work. Practical 
experience required constantly, and thisis acquired best with small 
experimental plant, with which various methods may tested without 
interfering with the regular runs. 

unfortunate that various changes the personnel the main- 
tenance-of-way departments some the railroads first adopting tie- 
preserving methods this country should have produced discontin- 
uity the records, but these are sufficient, Mr. Curtis has shown, 
prove that inferior woods are made more durable than white oak, 
and may expect still better results now that experience has taught 
how the work better. 

The writer satisfied that his present practice injecting from 
0.50 0.55 lbs. zine chloride per cubic foot wood improve- 
ment over his earlier methods. Also, that the injection three sep- 
arate solutions instead two decided improvement. believes 
the process, thus applied, better than the process 
alone, and that experience regions abundant rainfall will prove 
this fact. Burnettizing, know, has been abandoned 
England, while success Germany, probably consequence 
the difference rainfall those two countries. 

the hope learning still more about the anomalies various 
woods, and the best methods treating them, the writer now about 
visit Europe, where far more experience has been accumulated than 
America, and regrets that the present publication this valu- 
able paper will prevent this discussion from containing the results 
his pending tour observation. 
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GENERAL CRITERION FOR POSITION LOADS 
CAUSING MAXIMUM STRESS ANY MEM- 
BER BRIDGE TRUSS. 


Esq. (by letter).—It was part the object Mr. Hoskins. 


this paper advocate the use wheel concentrations basis 
bridge design. This kind specification has been general use for 
considerable number years, and, doubtless, will continue 
used for long time come, spite the efforts its opponents 
supersede it. Even some different specification should 
adopted generally, many engineers railroad companies probably 
will think advisable apply the wheel-concentration method 
estimating the effect new and heavier train-loads existing 
bridges. view these facts seemed worth while present 
what appeared the author material simplification the 
treatment the general problem computing stresses due any 
series loads whatever. 

The members who participated the discussion the last Annual 
Convention the Society were unanimous condemning the method 
wheel-concentrations. They were, however, means agreed 
what method should replace it. Thus, the method advocated 
Mr. Morison was condemned Mr. Waddell complicating 
matters worse than ever. And, while the majority appeared favor 

Under the rules for publication, additional discussion this paper, received 


prior November 24th, 1899, will published with the paper the next volume 
Transactions. 
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Mr. Hoskins. some form equivalent uniform-load,” each had his own opinion 


how this should estimated. That this discussion does not 
represent the unanimous opinion those engineers most directly 
interested the question indicated recent correspondence 
Engineering News.* 

one supposes that the method wheel-concentrations can 
represent with exactness the actual distribution loads upon bridge. 
Its advocates merely contend that comes step nearer than other 
methods representing actual conditions. The truth this conten- 
tion tacitly admitted most those who condemn the method; 
the correctness every proposed method tested comparison 
its results with those the wheel-load method. 

The only real objection the wheel-concentration method, 
compared with other proposed methods, the difficulty the com- 
putations involved. How serious this objection can judged only 
one who thoroughly familiar with the best methods computa- 
tion. Wheel concentrations appear present serious difficulties 
the computer who familiarizes himself with the best methods 
dealing with them. 

Aside from whatever practical value has, the problem dis- 
cussed the paper possesses considerable mathematical interest. 
The properties influence lines given Mr. Cilley and Mr. Kunz 
are interesting contributions the discussion. With reference 
the comment Mr. Kunz, the general rule for drawing influence 
diagrams, may remarked that when the moment-center falls 
beyond convenient limits, the ordinates Cand can computed 
readily the general values given page 78. 


July 13th and September 7th, 1899. 
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Discussion.* 


Am. Soc. (by letter).—In response mr. Haswell. 
the remarks Mr. Crowell, the results and deductions the 
author’s experiments ascertain the relative impact falling weights 
from different heights, was not essayed, nor was held all 
practicable, determine exact measures impact with instrument 
possessing such retarding elements spring-balance, supplemented 
with detent. was essayed only ascertain the relation and ratio 
the the weights from different heights fall, and like 
causes produce like effects, the relation the results, satisfactorily 
determined repeated operations, were just conclusive 
obtained with the exactness the requirements normal results. 
Regarding the final penetration 0.5 in. being assumed the 
base the formula submitted, was taken, inasmuch not only 


the ordinary limit practice, but sufficient refusal and the 
practically proper one; the difference between and less depres- 
sion not only difficult observe, but the attainment little 
relative value with the usual factor safety, and when effected, 
results frequently the splitting the piles; further, differ- 
ent, the factor can altered meet the conditions, and any for- 


Under the rules for publication, additional discussion this paper, received prior 
November 24th, 1899, will published with the paper the next volume Transac- 
ions. 
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Mr. Haswell. mula, the final penetration not fixed element, computation 


the capacity pile emasculated, and the judgment the driver 
from visual observation the only result whereby assign its 
capacity. 

mean factor 4.5 assumed, and when considered that the 
resistance one hour after being driven, is, the subsi- 
dence thesoil around it, very much increased, held full 
measure safety. moist sand, with rough pile oak pine 
(not spruce), factor for quiescent load is, the author’s opinion, 
practically unnecessary, and this opinion based upon exceptional 
opportunities observe the effect such conditions. 

not the author’s purpose discuss the application vis viva 
this case, preferred give observed results. The resistance 
its force, whether spring-balance supporting pile. 

further support his remarks, Mr. Crowell submits diagram 
illustrative the characteristic plotting the respective formulas 
Wellington and the one submitted, and will seen that 
for fall only ft., the indicated safe load one-third great 
that indicated for fall ft., nine times great.” Now, the 
formula gives but three times for the ft., and 18, just 
three times that for ft., the formula agrees with the illustration, 
and the result not nine times, asserted. 

Mr. Gould inclined believe that the use the His correct. 
His opinion, from his capacity and great experience, entitled 
much consideration. 

Mr. Howe recites that the published experiments Mr. 
pine, the sustaining power pile increased the ratio the 
square root the fall the ram. This also support the 
formula used, and wholly variance with the formula Mr. 
Wellington. 

Mr. Conte’s deduction and experience, regarding the second 
driving pile after interval day sandy soil, variance 
with the author’s experience, and the value the Dutch formula, 
the author fails recognize the utility considering the number 
blows ram, when the effect the final blow impact the 
measure the resistance the pile. The tenacity nail wood 
greater when driven one blow than number them, for with 
one blow there but one resilience the disturbed fibers the 
wood, which resistance the element the tenacity the nail, and 
repetition blows repetition the resilience and consequently 
weakening it. 
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Discussion.* 


Messrs. ALLEN Hazen and 


Hazen, Assoc. Am. Soc. E.—In looking over some Mr. Hazen. 


plans and photographs vaultings recently, the speaker was sur- 
prised find how seldom the groined arch has been used, consider- 
ing its marked advantages economy and strength. 

the Roman reservoirs arch resembling 
the groined arch was used freely, but was not true groined arch. 
was made springing narrow arches between the piers each 
direction and dividing the area into series squares which were 
covered flat domes. This form construction often seen 
architecture to-day. The ceiling the reading room the Public 
Library Boston very handsome example it. 

important modern application this form vaulting 
Warsaw, Russia, where filters and reservoirs ten twelve acres 
are covered this way. 

Many covered reservoirs and filters have been constructed with 
cylindrical arches resting upon narrow arches sprung between the 
piers one direction only. This form construction common 
England. The earliest Continental reservoirs and filters were also 


from September, 1899, Proceedings. See May, 1898, Proceedings for 


Paper, Leonard Metcalf, Assoc. Am. Soc. E., the subject. 
Forchheimer, Wasserbehalter von Wien, 1893. 
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covered this way. The older water-works vaultings Berlin are 
this class, and also the filters St. Petersburg. 

The more recent vaultings Berlin, and elsewhere upon the Con- 
tinent, are usually groined arches. The corners are often re-enforced 
with ribs, Mr. Metcalf has suggested, and the speaker thinks there 
theoretical reason for this the case brick vaulting, although 
whether not the additional strength worth the trouble another 
question. the earliest covered reservoirs constructed the United 
States, English precedent was followed, and cylindrical vaulting was 
used. The speaker thinks that the first large masonry-covered reser- 
voir America was Newton, Mass. This reservoir was designed 
the late Albert Noyes, Am. E., and Alphonse Fteley, 
Past-President, Am. Soc. E., acted consulting engineer. 

William Wheeler, Am. Soc. E., belongs the credit the 
introduction America the groined arch for water-works purposes, 
has been stated Mr. Metcalf. The speaker has had occasion 
use extensively the new filters for the water-works Albany, 
and has had occasion make computations similar those which 
Mr. Metcalf describes. The volumes groined arches have been 
computed the speaker’s office William Fuller, Am. 
E., and others, methods similar those which Mr. Metcalf has 
used. These computations have been checked graphical methods. 
The graphical computation the volumes not difficult, and the 
results check perfectly those obtained the formulas. 

The speaker sorry that the paper does not give more reference 
the strength the vaulting; thinks that all the discussion 
the subject relates brick arches. the case concrete arches 
inclined think that the strains involved are somewhat different 
from those brick, and that the computations relating brick 
arches will have taken with some allowance when applied 
concrete. 

This, perhaps, will depend upon the way which the concrete 
placed. Concrete necessarily placed lots, leaving joints cer- 
tain places, and the tensile strength these joints very little, prac- 
tically nothing. The speaker has used joints following the summits, 
that is, dividing the vaulting into series squares, each having 
pier Under these conditions, and with the dimensions 
used Albany, question whether there any arch action what- 
ever the vaulting. Changes temperature expand and contract 
the concrete. With brick arches this expansion and contraction 
would probably result slight rise and fall the crowns, corre- 
sponding the differences length the material the arches. 
With the concrete, the action apparently different. The blocks are 
rigid that there appreciable rise and fall the crowns. 
With contraction, the joints will open slightly some cases, making 
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perfectly obvious that there pressure across them, and that Mr. Hazen. 


the concrete blocks act cantilevers; while with expansion, which 
occurs with concrete put cold weather and afterward warmed 
summer heat, the whole mass concrete has push out the sides. 
some cases the cylindrical arch next the outside wall may act 
expansion joint for the groined vaulting the interior. 

The speaker has mentioned the cantilever principle simply 
proposition. not prepared say that thinks all vaulting 
acts that way. not fully informed the method con- 
struction used the Wellesley vaulting, but his impression that 
the concrete was not placed the manner used Albany, and that 
the joints were made other places;.and that was the case could 
not expected act the same manner. Albany work the 
concrete was mixed machinery, and the amount concrete 
required fill one the squares was placed very few minutes, 
and made solid block, without joint any kind. 

Regarding the practical strength the concrete vaulting, there 
can question. first the speaker made certain rules regard 
teams driving over it, but found very hard keep the con- 
tractors order that respect. After little, teams were allowed 
over freely, and also trucks, and later, rollers weighing three 
tons were taken over repeatedly, and sometimes left it, and all 
without any injurious results. 

The cost the Albany vaulting per square foot area was 
follows: 


Concrete 0.78 cu. ft. $6.30 per cubic in- 


Manholes, entrances, fasteners, 2.65 


The total cost, including piers, was less than cents per square 
foot Various forms steel and concrete construction were consid- 
ered, before deciding upon the concrete vaulting, but the simple 
masonry was selected. 


Am. Soc. (by letter).—It well Mr. Fuller. 


known that there are many advantages derived from covered 
reservoir filter-bed compared with one open the wind, rain 
and light, and the fact that covering such nature seldom used 
would indicate false impression, even the part many engineers, 
that necessarily very expensive and should classed among 
the luxuries, except cases where essential prevent the forma- 
tion ice algee. 


| 

| 

q 


Fuller. 


DISCUSSION THE GROINED ARCH. 


This due perhaps the fact that engineers, designing 
masonry coverings, have been hampered precedent. They look 
back structures, some which, the author points out, date from 
the time the Roman supremacy, and proceed construct vaulting 
laid down lines developed more years ago. This 
particularly true recent vaulting Europe, outside France, and 
the engineer, even should desire branch out more rational 
design, confronted with these examples vaulting, used merely 
for the protection water from the action the elements, but 
actually strong enough carry railroad freight traffic. 

The modern development Portland cement concrete furnishes 
the engineer to-day with structural material easy handle, 
particularly adapted the construction vaulted masonry, and 
differing widely some its properties from materials heretofore 
commonly used such construction; and the writer wishes 
emphasize few. points concerning the stresses which result 
monolithic work this nature. 

The author translates and endorses theory the stability 
groined arches dependent entirely the non-existence other 
forces than compression, and says 

apparent, course, that this method makes allowance 
for the greater stability the structure due the monolithic 


character the masonry when constructed concrete; which 
stability doubt materially increased thereby.” 


The writer has repeatedly noticed this tendency with engineers 
designing structures concrete they are made similar structures 
brick stone, and the added stability due other properties than 
those possessed such materials dismissed with the thought that 
the structure all the safer. would not think substituting 
steel for cast iron and taking into account only the properties the 
latter. 

Monolithic concrete independent building material, and 
surely, such position groined arch masonry, entitled 
separate consideration the stresses such structure must very 
complex, but possibly their nature somewhat follows 

Consider groined arch unit shown the author Fig. and 
cover its upper with uniformly distributed load, the result 
must tendency lower the outside edges, and, single unit, 
such are now considering, can seen 
tensile, cross-breaking shear stresses the 
mass the unit itself. This action will 
understood more readily think ofthe unit 
varying areas piled symmetrically top the pier, Fig. 15. 
step further, and remove the center these plates, have 
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stresses are replaced tension the rings, and have case some- 
what analogous that dome. 

The placing these units together 
form groined arch vaulting also brings into 
play compressive stresses, but there must 
perceptible lowering the keystone 
before the arch action takes effect, seen 
that, the groined arch unit capable resisting the tensile 
stresses, the arch action may not brought into play all and 
certainly only secondary consideration. such case the stability 
the structure added just such proportion these tensile 
and other stresses are brought into play. 

These illustrations are enough induce disbelief the appli- 
cability the author’s theory monolithic concrete vaulting, and 
the writer believes such theory equally inapplicable brick 
stone construction because the strain represented above being 
resisted the mass the unit this other case would 
resisted the outside abutments the structure. 

are based, other formulas cannot set their place, but the 
writer believes that the case the groined arch too complicated for 
the development theoretical formulas which can even approxi- 
mately correct, and suggests that practical experimenting and the 
development empirical formulas the only solution such 
questions. 

The writer has experimented models groined vaulting con- 
and presents Plate two photographs one model showing the 
method failure, which was nearly identical all the models. 
Plate Fig. shows the top and Fig. the underside the model. 

The cracks are numbered the order which they appeared 
the loading was applied, and will seen that the first six were 
tension cracks, and, furthermore, that all units indicated tension 
cracks before the compression cracks appeared that unit. 

The surprising thing about these models was, that they sustained 
far heavier loading before showing failure than would supposed 
possible, and thus indicated that the accepted sections for such vault- 
ing can reduced materially, but, course, experiments should 
tried full-sized sections before any general deductions can made. 

can seen also that iron tension used the proper place 
groined arch, the strength the arch will increased materially, 
and, conversely, that its section and cost for given strength can 
reduced materially. 


little time and money devoted experimenting along the lines 


the result indicated Fig. 16, which most the cross-breaking Mr. Fuller. 


= 


Mr. Fuller. indicated would put possession light, durable and 


paratively inexpensive covering for reservoirs and filter beds. 

Concerning the cal- 
culation quantities 
the masonry vault- 
ing the writer evolved 
formulas for the differ- 
ent cases some time ago, 
which gave the same 
results those the 
author, but, his treat- 
ment the subject 
differs from that the 
author, solution 
one general case ap- 
pended illustrate the 
difference methods. 

Take the case the parabolic groined arch unit shown Fig. 
17, and the following notation 


17. 


Cross Span. 


One-half distance center center piers... 


With origin the equations the generating parabolas are 
and 


any portion the solid 

aay 

with limits and 


The the air space remaining, between the plane springing 
lines and soffit arch, 


The value formula (2) the same that found the 
author after the necessary changes have been made the notation. 
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COMPARISON WEIGHTS THREE-HINGED 
AND TWO-HINGED SPANDREL-BRACED 
PARABOLIC ARCH. 


Discussion.* 


Henry Assoc. Am. Soc. (by letter).—Since the mr, Jacoby. 
adoption the design the steel railway arch over 
the Niagara River, and the beginning its construction, the writer 
has taken renewed and more definite interest the comparative 
study different types metallic arches. his suggestion, two 
graduate students the College Civil Engineering Cornell Uni- 
versity last year made the computations necessary determine the 
relative weight three-hinged and two-hinged spandrel-braced 
arches having the same general dimensions and loading the 
Niagara Railway Arch. Mr. George Smith, Jr., made the design 
for the arch, while Charles More, Jun. Am. Soe. 
E., made the design for the three-hinged arch well that 
combination-type arch, which will described the latter part 
this discussion. 

The general dimensions, loading and specified unit stresses are 
given the paper The Niagara Railway 


*This discussion (of the paper Hudson, Assoc. Am. Soc. E., printed 
Proceedings for August, 1899) Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 
(See rules for publication, Proceedings, Vol. xxv, 

Communications this subject received prior November 24th, 1899, will 
printed later number Proceedings, and subsequently the whole discussion will 
published Transactions. 


R.S. Buck, Am. Soc. Transactions, Am. Soc. E., Vol. 125. 
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finding the stresses the trusses, however, two excess panel 
loads were substituted for the excess the two locomotives above the 
corresponding weight the train. 

The Two-Hinged Arch.—In view the statement made page 137 
that paper, the given sectional areas the members the arch 
were not used except find the stresses adopted re-designing the 
sections. After this additional revision was made, order see 
whether the final sections should generally depend upon the second 
the third series stresses, the first series being the preliminary ones 
which depend upon assumption equal sectional areas for all the 
members. 

was found that the required areas the upper chord were 

ively. The areas 
and were increased 
0.5%, while those 
the remaining lower- 
chord 
diminished from 0.4 
1.3 percent. The areas 
the diagonals were 
increased from 0.2 
1.8%, except that D., which the increase was 6.8 per cent. 
the verticals, the increase section varied from 1.2 3.5%, except 
for V-, which was 6.8 per cent. Since most these differences 
were covered the excess the sections adopted over those required, 
only few members were affected this revision. 

These changes section are relatively much smaller than one 
led expect from the corresponding differences the stresses, the 
result being due the influence the reverse stresses the design. 
The temperature stresses were derived for range extending from 75° 
above 75° below the standard. 

The above results indicate that the desirability making the 
second revision depends largely upon the magnitude the structure, 
while isevidently affected some extent the form and proportion 
the trusses. 

The Three-Hinged Arch.—The dead-load stresses for the three- 
hinged arch were first found using the same panel loads those 
which had been determined from the design the two-hinged arch. 
After this preliminary design was completed the dead panel loads were 
computed and found exceed the previous values percentages vary- 
ing from 0.8 near the middle 3.6 near the ends the truss, while the 
middle panel load was 0.3% less. Theaverage excess 2.32 per cent. 
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The dead-load stresses were revised accordingly, and the following dif- Mr. Jacoby. 
ferences were found, expressed percentages the sum the dead, 
live and 0.8 times the reverse stresses. Forthe upper chord, 0.8 —1.9; 
for the lower chord, 1.3 2.0; for the diagonals, 0.3 2.0; and for 
the verticals, 0.2 2.4. All the stresses were increased, except those 

These changes, however, affected the sectional areas only four 
members, the rest being covered the small excesses area made 
necessary the make-up the sections. 

Comparative Weights.—Excluding the connecting plates, rivet heads 
and some minor details, all which may reasonably assumed 
vary the same ratio the members the respective trusses, was 
found that the trusses the three-hinged arch were 0.84% lighter 
than those the two-hinged arch. The material distributed 
shown Table No. 


TABLE No. 


Upper chords.|Lower Diagonals. Verticals. 


Two-hinged arch.............. 15.6% 
Three-hinged arch...........- 12.9% 20.1% 


will observed that the three-hinged arch considerably 
larger proportion the material contained the lower chord, while 
the other classes members contain less material than the two-hinged 
arch. Only four members these classes, U;, U,, and are larger 
the three-hinged arch. may interest note that the range 
stress the lower chord the three-hinged 6.5% less, while 
the maximum stress (excluding the wind) averages 17.0% more, and 

the live-load stress 26.8% more, than the two-hinged arch. 

order that the infiuence the crown hinge might obscured 
little possible extraneous conditions, the designs the corre- 
sponding members the two-hinged and three-hinged arches were 
made nearly alike every respect the required sectional areas 
would permit, the differences the composition make-up the 
sections from that used the construction the Niagara Railway 
Arch, being reduced toa minimum. Since the distance from back 
back the angles the chords was made the same all cases, the 
additional material required the lower chord the three-hinged 
arch had generally placed the inside and the web plates, 
the result being reduce the squares the radii gyration 


average per cent. This element places the three-hinged arch 
slight disadvantage. 
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Comparison with the Arch 200-Ft. Span.—The corresponding dis- 


tribution material the trusses described the author given 
Table No. 


TABLE No. 
Upper chord. chord. Diagonals. Verticals. 


The web members are relatively lighter than Table No. while 
the chords are heavier, notably the upper chord. Some this dis- 
parity may accounted for the difference the working stresses, 
well the differences the relative loading and the proportions 
the trusses. The uniform live load the Niagara Arch 2.3 
times great, while the dead load only 1.8 times great per linear 
foot asin Again, the span 2.75 times great, while the 
depth the crown 3.33 times great. The ratio the rise the 
lower chord the span very nearly the same. The trusses the 
Niagara Arch are about times heavy those the smaller arch. 
The range temperature was assumed 25% greater. The dif- 
ferences between the required sectional areas and those adopted the 
design are relatively much larger the smaller arch account 
the smaller sections, and the greater influence the limitations im- 
posed the minimum thickness metal allowed. 

The different conditions just stated likewise affect the relative 
weights the trusses the two types arches, but would require 
additional investigation determine the magnitude this effect. 

One other element should mentioned, namely, the effect the 
wind stresses upon the truss members. For the comparative designs 
the Niagara Arch was assumed that section should increased 
area unless the wind stress exceeded the sum the dead, 
live and temperature stresses. was found that this required 
increase only members near the middle the two-hinged 
arch, and one the three-hinged arch. 

may, perhaps, well call attention the fact that the 
smaller arch described the paper the weight the details ex- 
cluded, the difference favor the two-hinged arch reduced 
3.99, while the detaiis are included and made the same both cases 
the differences will only 2.7 per cent. 

Combination-Type Arch.—Any slight yielding the foundations 
atwo-hinged arch materially changes the stresses, especially near 
the crown, while inaccuracies the construction, locating the end 
hinges, adjustment closing the arch, have similar effect. 
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view these facts, appeared the writer that would desirable Mr. Jacoby. 


erect arch with three hinges, and, after completion, when all the 
dead load place, totransform into two-hinged arch con- 
necting, the standard temperature, the upper chord the center 
and riveting the connection the crown hinge. Such arrange- 
ment eliminates the effect any inaccuracies construction erec- 
tion, well those the initial set the abutments, due the 
imposed loads. The resulting stresses are combination the dead- 
load stresses three-hinged arch with the live-load and temperature 
stresses two-hinged arch. 

seemed worth while determine weight such arch 
would compare with the other two types, and whether would possess 
any other merit than that realizing more perfectly construction 
the conditions which are assumed its design than done the 
two-hinged arch. 

the first determination the sectional areas the stresses obtained 
the preceding designs were used, and then revision was made with 
the aid new set live and temperature stresses. The tempera- 
ture stresses were greater than before. this revision the 
required sectional areas were increased, with three exceptions, from 
0.4 8.2%, the difference being below all but few members. 
One-half the areas first adopted were increased amounts 
varying from 1.0 3.8%, except one which had enlarged 5.9 per 
cent. 

The weight this truss, exclusive the connecting details, was 
found 4.2% greater than that the two-hinged arch. This 
excess weight due, mainly, the influence the larger reverse 
stresses many the members. The distribution weight 
follows: Upper chords, lower chords, 37.2% diagonals, 
and verticals, 24.0 per cent. 

Comparing the various classes members with those the two- 
hinged arch, the results are: Upper chords, 9.7% heavier; lower 
chords, 5.8% heavier; diagonals, 4.8% heavier; and verticals, 
lighter. With the three-hinged arch basis comparison, the 
upper chord 34.0% heavier; the lower chord, 9.8% lighter; the 
diagonals, 16.3% heavier; and the verticals, 7.0% heavier. 

The distribution the material this combination-type arch 
such that forms stiffer structure than the two-hinged arch, its static 
deflection the center under full live-load being nearly 10% less. 

The writer wishes express his appreciation the great care 
exercised Messrs. More and Smith making the computations 
and graphic constructions involved these designs, and from which 
this discussion has been prepared. 

conclusion, note may added the interest diminishing 
the labor required find the stresses. the stresses the upper 
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Mr. Jacoby. chord due V=1 computed and laid off the hori- 
zontal lines Figs. and respectively, experience shows that the 
rest the stresses may determined graphically with precision 
that answers fully all the requirements design, being understood 
that suitable scale adopted. This procedure will save the tedious 


computations for the lengths the lever arms the remaining truss 
members. 
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WHEEL CONCENTRATIONS AND FATIGUE 
FORMULAS BRIDGE DESIGN. 


Discussion.* 


Jun. Am. Soc. (by letter).—It the purpose Mr. Selby. 


the writer present, first, three tables giving actual moments and 
shears trusses and plate-girders produced the loading 
1896 Specifications;” second, table the single-excess 
loads which, with the constant uniform train-load, will produce the same 
moments and shears the wheel-loads; third, two diagrams which 
these excess loads are plotted order determine their laws varia- 
tion; fourth, three simple formulas deduced from the diagrams, which 
will give values excess loads producing moments and shears sub- 
stantially equal those produced the wheel loads; fifth, simple 
specification for loading which will combine one operation the com- 
puting the quiescent stresses and the allowance for impact. 

The tables for moments and shears for Cooper’s have been 
computed systematically and checked carefully, and will useful 
those who still prefer to, find necessary to, compute stresses 
the actual wheel-loads for this specification. 

Table No. gives the moment, end shear, center shear and shear 
quarter point for plate-girder spans, varying increments ft., 
from 125 ft. Tables Nos. and 12, respectively, give moments 
and shears for truss spans panels, and panel lengths 
varying increments ft. from ft. This includes span 
lengths between 100 ft. and 315 ft. The shears apply only trusses 


Continued from August, 1899, Proceedings. 
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Mr. Selby. with parallel chords. The arrangement the tabulation panel 


lengths rather than span lengths believed new, and facilitates 
complete tabulation ina small space. Values for intermediate panel 
lengths can obtained direct interpolation. All values the 
tables are for one truss girder. 

Having prepared the foregoing tables for his own use, some time 
ago, the writer began cast about for simple substitute loading 
which could used instead wheel loads general without material 
variation the results, and for some rule for varying the substitute 
loading correspond with different engine loadings. made many 
comparative computations using various single excesses, double ex- 
cesses, uniform loads, with results favor the single-excess 
method, but without finding any one excess load which gave satisfac- 
tory results for widely different span lengths. occurred 
him compute, for the various positions and span lengths, the excess 
loads which, with the uniform train-load, would produce the actual 
moments and shears the table, and study their laws variation. 

Table No. gives the values such excess loads for one truss 
girder, for all panel points trusses and panels, with 
panel lengths varying ft. from ft., and for plate-girders 
lengths varying ft. from 125 ft. 

The formulas for computing are very simple. Let 
actual moment, moment from uniform load and moment 
from excess load. Then Similarly for shears 

Let uniform train-load per foot and span. 

For moment plate-girder: 


—- 


for one girder, then 


For end shear plate-girder: 

For center shear plate-girder: 
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For moments truss, whole number panels and Mr. Selby. 
panels the left the point question then, con- 
sidering the uniform panel load concentrated the panel point, 


which 


For shears truss: 


=pw 
S, = —— 


+1). 


OF EXCESS LOAD "EB FOR PLATE GIRDERS. EQUIVALENT 


inspection Table No. shows that the values increase 
slowly with the span length for plate-girders and are nearly uniform 
for different panel lengths, but vary with the position the truss and 
the number panels. The values for plate-girders have been plotted 
the diagram, Fig. together with straight lines, which coincide 
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Mr. Selby. practically with the curves actual values. equations the 


straight lines are follows: 


Shears and moments computed from values obtained the 
foregoing formulas will differ from the actual values very small per- 
centages the safe side, except for span lengths 20ft. The 
greatest differences are follows: For moments—10-ft. span, 46.6%, 
15-ft. span, 20-ft. span, 100-ft. span, 2.5%. end 
shears—10-ft. span, 25%, 15-ft. span, 60-ft. span, 2.5%. For 
center shears—10-ft. span, 30%, 15-ft. span, 9.1%, 20-ft. span, 14.3%, 
25-ft. span, 8%, 30-ft. span, 125-ft. span, 3.3 per cent. 


10 


90 


the use the above formulas for the greatest excess over the 
actual quiescent stress comes, should, the shorter spans, where 
extra metal girder desirable for the sake mass. 
tion for actual use the number formulas could reduced two, 
with advantage, using 

The increase values center shears would not result much in- 
crease the weight metal. 

The values for truss shears have been plotted the diagram, 
Fig. taking the average value each panel point for the different 
panel lengths. The abscissas this diagram represent percentages 
span unloaded. The parabola plotted will give values which 
will produce shears practically equal the actual shears; the greatest 
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excesses being the short spans and counter shears, where they Selby. 
should be. The greatest percentages difference are follows: 


3.6% 


which number panels unloaded, and number 
panels. The values this formula, for the different panel ratios, 
are shown Table No. 14. 


TABLE No. 14. 


WHOLE NUMBER PANELS. 


Panels unloaded. 


5 6 vf 8 9 4 


The use this formula (or Table No. 14) for specification, 
would give shears substantially equal to, and never appreciably less 
than, those Cooper’s 

The values for truss moments not vary much below for 


one truss. Using value 40, the greatest percentages 
excess are follows: 


4.4% 
4.1% 


inspection the diagrams, Figs. and shows that the 
method proposed Mr. Cowles, using the uniform train-load 
headed the maximum floor-beam reaction, will generally give results 
too small. The panel excess derived from the floor-beam reactions 
for panels ft. varies from 25.6 27.5, and averages 26.5 for 
one truss. 

will seen that the necessary excess greater, and usually 
much greater, than this, except for counter shears and short plate- 
girders. The writer knows one bridge now being built under 
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Cooper’s Specifications, which the equivalent loading taken 
Ibs. per foot, with 50000 Ibs. excess. The specifications 
prominent system call for two classes loading: Class 000 Ibs. 
per foot, with 000 lbs. excess; and Class 000 per foot, with 
000 Ibs. excess. evident from the diagrams that these values 
and for are too small give consistently-designed bridges 
for uniform train-load headed two correspondingly heavy consoli- 
dation engines. 

may seem strange, first glance, that the values should 
smaller for short plate-girders than for longer ones, but will found 
that the value divided the span length greater for the short 
spans than for the long ones; that is, the equivalent uniform load,” 
increases the span decreases. 

specification based the foregoing formulas, viz., the use 
uniform load 000 lbs. per foot for one truss girder with single 
excess, determined by— 


would surely give consistently proportioned structure, with stresses 
nearly equivalent the actual quiescent ones possible obtain 
simple methods. The uniform load constant, and the values 
are determined easily memorized formulas, tables diagrams 
being necessary. Mr. Waddell’s equivalent uniform load method 
necessarily cumbersome, because the load for any given span has 
taken from plotted from computed equivalents, and cannot 
memorized. Thediagram must before one when beginning the com- 
putation span. Mr. Waddell, his discussion, says: these 
tables the best possible showing was made for both the single-concen- 
tration method and the double-concentration method.” evident 
that not the best possible showing for the single-excess method 
compare results obtained using constant value with those 


obtained using variable value uniform load computed for the 


cases compared. illustrate extreme case, the variable 
excesses from Table No. were used comparison, the showing 
for the single-excess method would very good, indeed, the per- 
centage error would zero every case. has been shown that 
the differences from using the foregoing simplified formulas are very 
small, except less than ft., and that, all cases, the excess 
metal resulting placed where will the most good. 

Finally, introducing the consideration impact, and, bearing 
mind the widely varying ideas the proper allowances therefor, 
becomes possible simplify still further the specified loading, and 
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compute one operation both the quiescent stresses and the impact Mr. Selby. 
allowance. Tables Nos. 15, and show the percentage excess 
stress from using constant value for all purposes, and com- 
parison with the allowance for impact specified the railroad sys- 
tem with which the writer connected. The formula for impact 


which the span length for plate-girders and for 


truss moments, and the length span loaded for truss shears. 
TABLE No. 


Ideas vary much the correct allowance for impact, that the 
above formulas will answer for comparison well any, and the corre- 
spondence close enough make plain that the use constant 
single-excess load for all spans, except plate-girder spans under ft., 
comes very near giving, with one operation, the desired result, 
namely, the actual stress plus the impact. 
The writer would, therefore, favor, for standard railroad bridge 
specification, the use uniform load 000 lbs. per foot track, 
together with single excess placed the most effective 
point, with other allowance for impact for all spans over about 
ft. For spans under ft. stresses would determined 
series heaviest passenger-axle loads with impact allowance 


i 
| 
| 
1 
&§ 


DISCUSSION WHEEL-CONCENTRATIONS. 


Mr. Selby. 


ao 


5 


28} 
‘uedg 


Moment. 


End. 


08 0% 


BRSES x S = aon =O 
nin 


76 


st 


st &T 


730 [Papers. 
— 
7 
o 
ad 
i=] 


Papers.] DISCUSSION WHEEL-CONCENTRATIONS. 731 


"8/8 


AED OT OT CO CO 29 29 


Se 
238 
8 
too 


q 
q 
7 


| 


Cle DO 
| 


S88 

| ORES 


BR 


02 08 06 0 


| 8 


‘SHLONG'T TINVG 


000% 


| 


Ss 

on 
| 


1 
| 
| 
= 
o an 
| | 
‘ 


Mr. Selby. 


DISCUSSION WHEEL-CONCENTRATIONS. 


ig 
se 
sions 
seg 


TANVG 


3s 


000% 


[Papers. 


q 
TR 


- 

— 4 
| 
= 
o 
CO CIO MO RAMA WIOD OS WWD 
o 
a 


Papers. DISCUSSION 733 
. 


4 

j 


Mr. Prichard. 


734 DISCUSSION WHEEL-CONCENTRATIONS. 


Henry Am. Soc. (by letter).—If the term 
Railroad Bridge understood include the track, then the loads 
which railroad bridges are subjected are concentrated wheel-loads. 
These loads are somewhat distributed over the remainder the 
structure the track, which slightly lessens the stresses the con- 
nections stringers floor beams and reduces very considerably 
the pressures ties and local points the flanges stringers, 
but, except these regards, the stresses produced are the same 
the loads were concentrated directly the flanges the stringers. 

The most accurate method specifying the loading which 
bridge subjected is, course, that specifying the actual loads. 
For present conditions, the critical loadings are approximately know- 
able, therefore, for present conditions, the most accurate method 
specifying the loading specify wheel concentrations. If, 
bridge designed for present conditions, the loads increase, but still 
maintain the same relations between the various wheel concentrations 
both the engines and the cars, then the live-load stresses will 
increased the same proportion, and the bridge was originally 
well designed for the original wheel concentrations, the distribution 
the material will remain the most economical for the increased 
loading. Even the relations between the wheel concentrations 
should vary greatly the future, manner not intentionally pro- 
vided for, there reason suppose that any method other than 
that specifying wheel concentrations would more accurate 
regards these future conditions, except mere chance. From the 
foregoing facts, evident that, far accuracy concerned, 
there reason why wheel concentrations should not continue 
specified. 

the discussion* Mr. Scofield and Mr. Snow have pointed out, 
what few any will deny, that those, including many bridge 
buyers, who are not expert bridge design, definite engine-loading 
more intelligible than methods supposed equivalents. 

fact, the method specifying wheel concentrations the only 
one which those who are not experts can use understandingly give 
close equivalent for the traffic conditions they anticipate, unless they 
obtain the assistance expert. Even for experts, the easiest 
method specifying loads which satisfy their ideas regarding the 
traffic conditions, specify the engine wheel-concentrations. 

This shown the fact, well illustrated the discussion, that 
nearly all who have proposed methods other than wheel-concen- 
trations, have arrived the loads they specify first deciding 
certain engine wheel-concentrations and then, with more less labor 
(generally considerable), determining supposedly close equivalents. 

From what has been stated, follows that, far facility 


*Published the Proceedings for August, 1899. 
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writing specifications concerned, there reason why the method Mr. Prichard. 


specifying wheel concentrations should not continued. 

The questions accuracy and facility specifying the loads being 
decided favor the method engine wheel-concentrations, the 
question the wisdom abandoning its use depends the value 
the advantage accuracy, compared with the increased cost, 
any, which this advantage obtained. those who are not 
familiar with the short ways which have been devised for determining 
the stresses from wheel concentrations, who, from lack practice, 
cannot use them with facility, the cost making the calculations 
probably seems much greater than really need be. For stringers, 
floor beams, hangers, plate-girders and single-intersection trusses, 
resting two supports, the calculation the stresses from concen- 
trated wheel-loads proficient specialists very simple matter; 
fact, takes less time than using some the other systems which 
have been proposed, and the cost insignificant, compared with 
the total cost the bridge. Such cases include the great majority 
railway bridge work, and for them there would seem little 
advantage substituting for this method approximately equiva- 
lent one, even satisfactory one obtainable. this may, 
certain that before the method wheel-concentrations can 
abandoned, some other method methods must selected take 
its place. From present appearances would perfectly safe 
proposition for the advocates this method agree abandon its 
use when its opponents unite some other take its 
place. 

For the trusses long spans not especially difficult obtain 
other methods which give results agreeing closely with those obtained 
from any system wheel-concentrations usual type, and fair 
agreement can obtained for trusses spans moderate length, 
but for short spans and for floor systems the writer knows other 
method which gives such close approximations all cases. For 
multiple-intersection trusses, for continuous girders, and for some 
other special cases there much more reason for adopting some 
approximately equivalent method, than there the cases previously 
discussed, because, for such cases, the use the method wheel- 
loads often quite complicated, and some instances extremely 
so. For such cases, even when wheel-loads are specified, approxi- 
mately equivalent methods are frequently allowed and used. 

There one phase the use the method wheel-concen- 
trations which requires notice, because misapprehension regarding 
has resulted throwing not little discredit upon it. The fact 
referred is, that this method has superficial appearance much 
approach accuracy than really possesses, owing the 
uncertainty future traffic conditions, the impossibility making 
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accurate allowance for the dynamic effect the load, and other per- 
tinent considerations. This fact has made the method wheel- 
concentrations butt for ridicule. far this ridicule the 
means disabusing the minds those who would otherwise 
deceived the seeming accuracy the method commendable, 
but the considerable extent which discredits the real advant- 
age the accuracy this method, compared with others, 
harmful. The thoughtful advocates the use the method 
wheel-concentrations advocate its use spite of, and not conse- 
quence of, its seeming accuracy, because, notwithstanding the fact 
that really far from accurate, approaches nearer accuracy 
than any other method. those who believe that this advantage 
accuracy worth what costs time and trouble should refrain 
from using this method simply because has superficial appearance 
accuracy which deceptive, they would allowing their judgment 
influenced purely sentimental considerations. 

While the fact that not possible obtain the stresses from the 
live load accurately not sufficient warrant for abandoning the use 
the method wheel-concentrations, affords excellent reason 
for departing from the exact weights and spacings the wheel-con- 
centrations and substituting therefor some simplified typical engine. 

present limited knowledge the stresses bridge superstructures, due 
rapidly moving train loads, any refinement calculation stresses 
from assumed loads not justified, the cost the structure 
thereby increased. quote axiom familiar bridge engineers: 
Stresses should not figured half pound when you guess 
the load.” 

discussing the advisability discontinuing the use the 
method wheel concentrations determining the stresses railway 
bridges, certain conditions present practice should considered 
carefully. The loading now common use that wheel. concen- 
trations, and there seems agreement among engineers 
the best substitute for this loading. 

All the substitutes generally advocated involve the use wheel 
concentrations their computation. the method wheel concen- 
trations specified purchasers, competition among bridge manu- 
facturers compels the use the actual wheel concentrations specified 
computing stresses. Railway bridge engineers are the habit 
testing the strength their existing structures actual engines. 
They have moment diagrams calculated for the various types 
engines use their system, and, naturally, prefer the method 
wheel concentrations for calculating stresses. Any proposed change 
the present method specifying the load must meet with the ap- 
proval railway bridge engineers adopted for general use. 
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The principal objection urged against the use the method mr. Wing. 
wheel concentrations the greater labor involved calculating 
stresses thereby. 

This extra labor slight that its cost cannot considered 
sufficient reason for rejecting the method. Few engineers connected 
with bridge shops have admitted that the labor great when 
moment diagram has once been computed. Such diagram neces- 
sary for computing any the substitute methods suggested. 

The writer, therefore, suggests, solution the question under 
discussion, that railway engineers, writing specifications, include 
moment diagram the wheel concentrations part the speci- 
fication. 

This will reduce materially the labor the estimating department 
every bridge manufactory, matter what system loading 
finally adopted for computing stresses. 

Such moment diagrams are part the office equipment every 
railway bridge engineering department, and including them 


specification involves extra labor the part the bridge 
purchaser. 
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MEMOIRS DECEASED MEMBERS. 


will hereafter reproduced the Volumes Transactions. Any 
information which will amplify the records here correct any errors, should 
forwarded the Secretary prior the final publication. 


CHARLES EDWARD EMERY, Am. E.* 
1898. 


Charles Edward Emery was born Aurora, Y., March 29th, 
1838, and was educated the Canandaigua Academy. His first work 
was manufactories and the drawing offices railroad shops 
the vicinity his home, after which turned, for two years, the 
study law, with the intention becoming patent attorney. Upon 
the outbreak the Civil War, Mr. Emery organized company 
volunteers, but the announcement that the company was not needed 
sought admission the Navy. was appointed Third Assistant 
Engineer the Navy, July 11th, 1861, and was promoted Second 
Assistant Engineer, December 18th, 1862. Mr. Emery’s service in- 
cluded blockading duty with the Gulf Squadron and various engage- 
ments with the Confederate fleet below New Orleans, battles with 
forts Pensacola, Fla.; with Forts Jackson and St. Philip, the cap- 
ture New Orleans and fights with the forts Vicksburg and Port 
Hudson. Following his promotion, Mr. Emery was transferred the 
Nipsic, the first anew class fast gunboats, stationed Dahlgren’s 
fleet, off Charleston, Some suggestions made him, ex- 
perimental steam apparatus, led his selection, the Chief Engi- 
neer the Navy, 1864, for scientific research the United States 
Navy Steam Expansion Experiments New York. Mr. Emery’s 
labors for the Government did not, however, cease with his resigna- 
tion from the Navy 1868, for later served Consulting Engineer 
and Chairman the Board Examiners the United States Revenue 
Marine and the United States Coast Survey, and, dating from April. 
1872, member the special commission advisory the Secretary 
the Treasury reference the Revenue Marine service. 

Following his retirement from the Navy, Mr. Emery was engaged, 
1869, for year more, making, for the Novelty Iron Works 
New York City, series experiments upon stationary engines which 
was proposed manufacture. The records these researches 
were published subsequently Professor Trowbridge, and 
entitled Condensing and Non-Condensing Engines.” had been 


Memoir prepared the Secretary from papers file, and from various sources. 
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arranged that Mr. Emery should become general superintendent 
the works, but, owing change plans, the establishment was 
closed, and Mr. Emery entered into business his own account, 
consulting engineer. 

Mr. Emery served General Superintendent the Fair the 
American Institute New York City the autumn 1869, and 
directed the scientific work that institution the testing engines 
and boilers. 1876 was appointed member the international 
jury the Centennial Exposition, engines, pumps and mechanical 
appliances, and was associate committees other scientific ap- 
paratus. inaugurated extensive series tests ergines 
and boilers, and prepared extended reports this work, which were 
subsequently published. 1893, Mr. Emery was appointed one 
the judges the World’s Columbian Exposition, dynamos and 
motors. served the committee appointed the Amer- 
ican Society Mechanical Engineers, prepare code for steam 
boiler trials, and, 1895, was made chairman committee revise 
the code previously reported. was engaged the final revision 
this committee’s report the time his death. 

Mr. Emery’s advisory services for the National Government began 
1869, with his appointment Consulting Engineer the Coast 
Survey and the Revenue Marine. His engagement with these 
branches terminated when they passed, successively, into the control 
the Navy Department, 1879 and 1891. fitted out nearly twenty 
the revenue cutters, being some cases responsible for the con- 
struction the hulls, well the machinery. His experimental 
work this service, the construction economical engines and 
the scientific determination engine-efficiency, attracted much atten- 
tion. 1874, wasable place three different types machinery 
three hulls the same size: first, long-stroke, high-pressure, con- 
densing engine; second, short-stroke, low-pressure, condensing 
engine; and third, fore-and-aft compound condensing engine. These 
vessels, well subsequent one, which the cylinder high- 
pressure condensing engine was jacketed, were tested joint board 
engineers from the Navy and Treasury Departments, and the pub- 
lished results this trial, together with analysis them Mr. 
Emery, were widely circulated and used. Soon after this, New York 
University conferred upon him the degree Doctor Philosophy. 

Possibly the most notable Mr. Emery’s engagements private 
practice was the work the New York Steam Company, which 
took 1879. This involved the generation steam central 
plant and its distribution for heating and power purposes. its 
construction, the plant was the largest the kind attempted, and 
included pioneer work many details. The design and superintend- 
ence the construction this plant were Mr. Emery’s charge 
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until 1887, and, with its working, were described paper read 
before the Institution Civil Engineers, 1889. For that contribu- 
tion, the Institution awarded him Watt medal and Telford pre- 
mium. 

Mr. Emery’s practice consulting engineer and professional 
expert was extensive, and his services were request important 
legal cases. consulting engineer for the City Fall River, Mass., 
was instrumental bringing about novel compromise the diffi- 
culties between the city and the mill owners, resulting agree- 
ment whereby water was thereafter furnished the city from 
the Watuppa ponds consideration the abatement taxes 
water power. was member the commission the purchase 
the Long Island Water Supply Company’s plant the City 
Brooklyn, Y.; was engaged the matters the water supplies 
the cities Newark, J., Lowell and Worcester, Mass.; the 
Holyoke, Mass., water-power tax cases, and had been consulting 
engineer for the Pneumatic Dynamite Gun Company. 1887, 
served member the Board Experts appointed give 
opinion the best method increasing the number and size 
trains the New York and Brooklyn Bridge, changes the New 
York terminal, and the time his death represented the Central 
Railroad New Jersey the matter the Bound Brook floods. 

Mr. Emery was elected Member the American Society Civil 
Engineers May 6th, 1874. contributed extensively scientific litera- 
ture and the publications the engineering societies which 
held membership. The papers Mr. Emery published the 
actions this Society include: Compound and Non-Compound Steam 
Engines, Steam Jackets, Etc.,” December, 1874; 
Marine Boilers; Principles their Construction,” December, 1876; 
Relative Quantities Material Bridges, Different Kinds, 
Various Heights,” read the Ninth Annual Convention, April 25th, 
1877; ‘‘Steam Engine Economy,” March, 1878; and Trans- 
verse Resistance Beams,” June, 1879; ‘‘The Cost Steam Power,” 
June, 1883; The Station Chimney the New York Steam Com- 
pany,” April, 1885; ‘‘A Novel Application the Polar 
July, 1886; Clamp for Pulling Sheet March, 1889; Observa- 
tions the Forth Bridge,” June, 1890, and District Steam Systems,” 
March, 1891. Mr. Emery was also Member the Institution 
Civil Engineers, the American Society Mechanical Engineers, the 
American Institute Electrical Engineers, the American Institute 
Mining Engineers, the American Association for the Advance- 
ment Science and Fellow the Brooklyn Institute Arts and 
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1898. 


Casimir Stanislaus Gzowski was born St. Petersburg, Russia, 
March 5th, 1813. was the son Stanislaus, Count Gzowski, who 
held commission the Imperial Guard, and was descended from 
old Polish family, ennobled the sixteenth century. the age 
years the son was placed the Military Engineering School 
Kremnitz, and 1830 received commission the engineering 
branch the Imperial service. He, company with many other 
officers his nationality, was active the Polish insurrection 
1830-31, consequence which was exiled, after several months 
spent confinement military prison. came the United 
States and landed New York City the summer 1833, stranger 
the language spoken, without friends and with but little money. 

His first task was acquire knowledge English. hada 
command Contineutal languages, and while pursuing his studies 
obtained the means livelihood teaching French, German and 
Italian and giving lessons drawing and fencing. Removing 
Pittsfield, Mass., began the study law with Mr. Parker Hall. 
was admitted citizenship the United States and the bar 
Pennsylvania 1837. continued the practice law for four years 
and then went Toronto, with view securing contract con- 
nection with the widening the Welland Canal. 

Here met, some the leading public men the Dominion 
that time, and Sir Charles Bagot, then the head the Canadian 
Government, formed high opinion his ability, and procured for 
Mr. Gzowski appointment the Public Works Department. This 
was the beginning his long and distinguished career the Dominion 
Canada. For six years was Superintending Engineer Roads 
and Harbors Western Ontario, and for three years engineer the 
harbor works Montreal and consulting engineer the ship canal 
improvement between Montreal and Quebec. became naturalized 
British subject, and 1848 left the Department Public Works 
become Chief Engineer the construction the St. Lawrence 
and Atlantic Railway, now part the Grand Trunk system. 
resigned this position 1852 enter into partnership with Sir 
Alexander Galt, Mr. Luther Halton and the Hon. Macpher- 
son, for the construction the Grand Trunk Railway from Toronto 
Sarnia, from Port Huron Detroit and from London St. 
1857 established the Toronto Rolling Mills for the manufacture 


Prepared the Secretary from information file the House the Society. 
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rails and other railway material. 1870 was appointed 
member commission inquire into the water communications 
the Dominion, and 1871 the firm Gzowski Macpherson 
constructed the International Bridge over the Niagara River. 
While charge this work, Mr. Gzowski was also called upon 
report upon the enlargement the Welland Canal and the Baie 
‘Verte canal scheme. was consulted frequently the Dominion 
Government matters relating railways, canals and harbors. 

Mr. Gzowski was chairman the Niagara Falls Park Commission, 
one the founders the Canadian Society Civil Engineers and its 
President for three consecutive years. was deeply interested 
military matters and the promotion international marksmanship 
contests. rose the rank Colonel the Canadian militia, and 
1879 was made honorary aide-de-camp the Queen. held 
office 1896, Administrator the Government Ontario. 
1890, recognition valuable services rendered the Dominion 
Canada, was created Knight Commander the Order St. 
Michael and St. George. 

Mr. Gzowski was elected member the American Society 


Civil Engineers, December 2d, 1868, and served one its Directors 
during 1894. 
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FRANCIS RINECKER, Am. E.* 


Diep 10TH, 1899. 


Francis Rinecker, Wirzburg, Germany, was born December 16th, 
1843. studied mathematics and mechanical engineering under 
Professer Redtenbacher the Polytechnic School Carlsruhe, 
from 1858 1862, and civil engineering under Professor Culmann. 
the Polytechnic School Zurich, from 1862 1864. began 
practical work November, 1864, assistant engineer the 
Bavarian State Railways, Hohenner, chief engineer. was 
engaged until November, 1867, laying out and constructing part 
the Munich and Ingolstadt Railway. 1868 Mr. Rinecker traveled 
Germany and France, and, coming the United States, worked 
architectural draftsman from August that year April, 1869, 
New York City, where served with Charles Pfeifer, General Burger 
and Kellum. Turning railway work 1869, was engaged 
successively draftsman, assistant engineer and principal assistant 
the construction department the Pittsburg, Fort Wayne and 
Chicago Railway Company, and subsequently the Pennsylvania 
Company, until June, 1873. Mr. Rinecker surveyed and constructed 
for the company first named the Erie and Pittsburg Railroad and the 
Ashtabula, Youngstown and Pittsburg Railroad, and conducted 
preliminary surveys for the Shenango Valley and Alliance Railroad, 
which Slataper, Am. Soc. E., was chief engineer. 

Returning Europe, Mr. Rinecker served for two and half years, 
from January, 1874, Division Engineer the Swiss Central Railway 
Company, for surveys and construction the Liestal and Oensingen 
Railway and the Liestal and Waldenburg Railway (R. von Wirthenau, 
Chief Engineer). From 1876 1883 was engaged literary pur- 
suits with the especial view introducing the rack the St. 
Gothard and other mountain railways. established August, 1883, 
the firm Rinecker, Abt Co., Germany, for the Abt 
system mountain railways, and personally superintended the con- 
struction the Lehesten Oertelsbruch Railway and the narrow- 
gauge quarry tracks Oertelsbruch and their extensions the Abt 
combination system. From the establishment this firm until his 
death, Mr. Rinecker had undertaken the construction number 
Abt rack railways, including the Harzbahn Germany, the Usui Toge 
Railway Japan, the Transandine Railway, the Nilgiri Railway, the 
Mount Lyell Railway Tasmania, the Mount Morgan Railway 
Queensland and the Snowdon Railway. 


Memoir prepared from data furnished Herr Wirsing, Wiirzburg, Germany. 
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744 MEMOIR FRANCIS RINECKER. 

1891-92 Mr. Rinecker traveled around the world, remaining 
Cape Colony, New Zealand, Australia and Japan for several months. 
these countries made the acquaintance many the principal 
engineers, and studied the application the Abt system the condi- 
tions presented each land. After his return lived quietly 
Wiirzburg, and died from influenza. 

Mr. Rinecker was member the Institution Civil Engineers, 


and was elected Member the American Society Civil Engineers 
August 7th, 1872. 
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ROBERT DELOS ROWE, Am. Soc. E.* 
1899. 


Robert Delos Rowe was born Sheridan, August 24th, 1863, and 
received common-school education, with advanced course the 
graded school that place, under the tutelage Professor 
Hamilton. went into the field rodman the construction 
the Atchison, Topeka and Santa Railroad Kansas, 1878, and 
served inspector bridging New Mexico 1879-80, narrowly 
escaping the Indians during the Victoria troubles 1882. Mr. Rowe 
returned school and after taking engineering course 
Valparaiso, Ind., under Professor Bogart, was advanced Resident 
Engineer the New Mexico Division the Atchison, Topeka and 
Santa Railroad, which position held until 1892. Removing then 
Chicago, built the South Chicago City Railway and operated 
for about two years. then engaged private practice the 
engineering profession, became junior member the firm Rowe 
Rowe Chicago, planned the large timber preserving works 
Somerville, Tex., and also similar works for the Santa Pacific Rail- 
road Bellemont, Ariz. 

Mr. Rowe married 1885 Miss Allie Kyger, Mulberry, Ind., 
who died one year married again 1897 Miss Milla 
Campbell, Chicago, who survives him. His death resulted from 
attack pneumonia. Mr. Rowe was man high acquirements and 
strict integrity, and had earned the confidence his superiors and 
the love his associates and employees. 

Mr. Rowe was elected Member the American Society Civil 
Engineers January 2d, 1890. 


Memoir prepared Samuel Rowe, Am. Soc. 
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WILLIAM ULYSSES SCOTT, Assoc. Am. Soe. E.* 
Diep SEPTEMBER 26TH, 1898. 


William Ulysses Scott was born Hoboken, J., January 18th, 
1870. From his schoolboy days showed remarkable mathematical 
abilities, and these brought him into prominence his studies after 
his removal with his parents Chicago, which occurred when 
was twelve years old. 

His first engagement was March, 1888, with the Wheeling and 
Lake Erie Railroad, the preliminary survey between Bowerston 
and Martins Ferry, Ohio. spent nearly two years the service 
this road, rising the position assistant the Toledo office, 
where was engaged making calculations for preliminary and 
location estimates. the winter 1889-90 was employed with 
John Hanlon, Canton, Ohio, the preliminary survey for the 
Toledo and Walhonding Valley Railroad, and the survey the 
canal front Massillon, Ohio. For two periods, 1890and 1891, 
was employed Assistant Engineer the maintenance way the 
Second Division the Illinois Central Railroad, and for three months 
preceding March, 1891, was transitman the location survey 
the Fort Wayne, Terre Haute and Southwestern Railway. 

March, 1892, again entered the employ the Central 
Railroad Company Assistant Engineer the Louisiana Division. 


had charge variety engimeering work, including the laying 


out yards and company property, the construction the Pacific 
Junction incline, the Poydras elevator, survey for the Stuyvesant 
dock terminal, and round houses New Orleans, La., and Canton, 
Miss. 

Mr. Scott had edited book logarithms, tables and short 
methods computation, and was the author numerous tables for 
frogs and switches, which, though never published, have been found 
service many engineers. was also expert laying out and 
personally supervising intricate track work. 

was modest and unassuming manner, highly esteemed the 
officials the companies served, and popular with those persons 
with whom his work brought him contact. 

Mr. Scott was elected Associate Member the American Society 
Civil Engineers, February 3d, 1897. 


Hartwell Farrar, Harrod and Hayden, Members, Am. Soc. 


MEMOIR WILLIAM ULYSSES SCOTT. 
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MINUTES MEETINGS. 


THE SOCIETY. 


November ist, 1899.—The meeting was called order 8.40 
Joseph Knap the chair; Charles Warren Hunt, Secretary; and 
present, also, members and visitors. 

The minutes the meetings October 4th and 18th were 
approved printed Proceedings for October, 1899. 

paper entitled ‘‘Test Mechanical Filter,” Edmund 
Weston, Am. Soc. E., was presented the Secretary, who also 
presented written discussion the subject Mr. Gardner 
Williams. 

The paper was discussed orally Messrs. Fuller, 
Sherman Gould, Folwell and Currier. 
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224 MINUTES MEETINGS. [Society 


Ballots were canvassed, and the following candidates declared 
elected. 


Frank Lynton Louisville, Ky. 
Red Lodge, Mont, 


MEMBERS. 


Saxon Auckland, New Zealand. 
Martin, Boston, Mass. 


Announcement was made that the following candidates were elected 
the Board Direction, October 31st, 1899: 


JUNIORS. 


Graves, South McAlester, Ind. 
Henry ALEXANDER Mapimi, Durango, Mex. 
Salt Lake City, Utah. 


The Secretary announced that the Annual Convention 1900 would 


held London, England, but date had not yet been fixed 
(see 226). 


Adjourned. 


November 15th, 1899.—The meeting was called order 8.30 
M., Director Haines the chair; Charles Warren Hunt, Secre- 
tary, and present, also, members and visitors. 

paper Frank Cilley, B., entitled The Exact Design 
Statically Indeterminate Frameworks: Exposition Its Possi- 
bility, but Futility,” was presented the author and discussed 
Mr. Henry Goldmark. 

Mr. William Dalrymple addressed the Society the subject 
The Triangulation Greater New The address was illus- 
trated with stereopticon views. 

The Secretary announced the death Clarence Allan Carpenter, 
elected Member May 2d, 1888; died November 9th, 1899. 


Adjourned. 
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Affairs. MINUTES MEETINGS. 225 


THE BOARD DIRECTION. 


October 31st, North the chair; Charles 
Warren Hunt, Secretary, and present also Messrs. Bensel, Haines, 
Manley, Morison, Owen, Ricketts, Thomson, Turner and Whinery. 

The recommendation the Finance Committee, that payment 
$10 000 made January 15th, 1900, the loan now standing 
against the Society House, was adopted. 

The recommendation the Finance Committee, that all entrance 
fees received the Society shall, future, beginning with the year 
1900, set aside extinguish the debt, and that sum 
not less than the amount such entrance fees paid yearly this 
debt until shall extinguished, was adopted. 

the recommendation the Library Committee the employ- 
ment temporary additional assistants cataloguing, order 
hasten the completion the index, was authorized. 

report from the Special Committee Time and Place for 
holding the next Annual Convention was received, which presented 
the following facts: 

That 671 answers Convention Circular, No. had been received; 
that these 408 favored the holding Convention London, 
England; that 217 were favor the alternate proposition sending 
delegation; that 178 votes were received against London Conven- 
tion, and 225 against the idea holding Convention America and 
sending delegation Europe. The balance the votes were either 
favor both propositions, against both propositions, indifferent 
the matter, favor some entirely different proposition. 

was decided that the Thirty-Second Annual Convention held 
London, England, the time determined upon further 
investigation. 

Applications were considered, and other routine business trans- 
acted. 

Four candidates for Junior were elected.* 


Adjourned. 


See page 224. 
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THE SOCIETY. 


November ist, meeting was called order 8.40 
Joseph Knap the chair; Charles Warren Hunt, Secretary; and 
present, also, members and visitors. 

The minutes the meetings October 4th and 18th were 
approved printed Proceedings for October, 1899. 

Weston, Am. Soc. E., was presented the Secretary, who also 
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Williams. 
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Ballots were canvassed, and the following candidates declared 
elected. 


Lynton Louisville, Ky. 
Joun Red Lodge, Mont, 


MEMBERS. 


Saxon Auckland, New Zealand. 
JAMES Martin, Boston, Mass. 

Swaas, Philadelphia, Pa. 


Announcement was made that the following candidates were elected 
the Board Direction, October 31st, 1899: 


JUNIORS. 


WILLARD FRANKLIN South McAlester, Ind. 
Henry ALEXANDER Harris, Mapimi, Durango, Mex. 
Lovis Salt Lake City, Utah. 


The Secretary announced that the Annual Convention 1900 would 
held London, England, but that the date had not yet been fixed 
(see 226). 


Adjourned. 


November 15th, 1899.—The meeting was called order 8.30 
Director Haines the chair; Charles Warren Hunt, Secre- 
tary, and present, also, members and visitors. 

paper Frank Cilley, B., entitled The Exact Design 
Statically Indeterminate Frameworks: Exposition Its Possi- 
bility, but Futility,” was presented the author and discussed 
Mr. Henry Goldmark. 

Mr. William Dalrymple addressed the Society the subject 
The Triangulation Greater New York.” The address was illus- 
trated with stereopticon views. 


The Secretary announced the death Clarence Allan Carpenter, 


elected Member May 2d, 1888; died November 9th, 1899. 
Adjourned. 
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THE BOARD DIRECTION. 


October 31st, 1899.—Vice-President North the chair; Charles 
Warren Hunt, Secretary, and present also Messrs. Bensel, Haines, 
Manley, Morison, Owen, Ricketts, Thomson, Turner and Whinery. 

The recommendation the Finance Committee, that payment 
$10 000 made January 15th, 1900, the loan now standing 
against the Society House, was adopted. 

The recommendation the Finance Committee, that all entrance 
fees received the Society shall, future, beginning with the year 
1900, set aside fund extinguish the debt, and that sum 
not less than the amount such entrance fees paid yearly this 
debt until shall extinguished, was adopted. 

the recommendation the Library Committee the employ- 
ment temporary additional assistants cataloguing, order 
hasten the completion the index, was authorized. 

report from the Special Committee Time and Place for 
holding the next Annual Convention was received, which presented 
the following facts: 

That 671 answers Convention Circular, No. had been received; 
that these 408 favored the holding Convention London, 
England; that 217 were favor the alternate proposition sending 
delegation; that 178 votes were received against London Conven- 
tion, and 225 against the idea holding Convention America and 
sending delegation Europe. The balance the votes were either 
favor both propositions, against both propositions, indifferent 
the matter, favor some entirely different proposition. 

was decided that the Thirty-Second Annual Convention held 
London, England, the time determined upon further 
investigation. 


Applications were considered, and other routine business trans- 
acted. 


Four candidates for Junior were elected.* 


Adjourned. 


See page 224. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


ANNUAL CONVENTION 1900. 


the Board Direction, October 31st, 1899, the 
results the last circular inquiry, which was sent out Special 
Committee, well the results two previous circulars, were dis- 
cussed, and the results each these circulars indicated that 
majority such members cared vote, favored Convention 
held abroad, the Board decided that the Convention 1900 held 
London, England. 

definite date has yet been decided upon for the holding this 
Convention, and the fixing this date will deferred until more 
information can secured, the most available steamers, and the 
convenience the members who desire go. 

With view securing some information this last matter mem- 
bers are requested write the Secretary, giving their views what 


general date would convenient them, and the reasons governing 
them that opinion. 


JUNIOR MEETINGS. 


The meetings the Juniors the Society were inaugurated for 
the season 1899-1900, meeting October 25th, 1899, which 
the subject Relation Design was considered, 
the discussion being opened Hurtig, Jun. Am. 


MEETINGS. 


Wednesday, December 6th, 1899, 8.30 regular business 


will held. Ballots for membership will canvassed, and 


paper James Seddon, Am. Soc. E., entitled, River 
Hydraulics,” will presented. This paper was printed the October 
number Proceedings. 

this meeting, Savage, Am. Soc. E., will address the 
Society Present Condition and Prospective Development 


Wire-Rope Transmission.” This address will illustrated with 
lantern-slides. 


ws cr 


Affairs.] ANNOUNCEMENTS. 227 


Wednesday, December 1899, 8.30 regular meeting 
will held, which paper Sabin, Assoc. Am. Soc. 
entitled, Experiments the Protection Steel and Aluminum 
Exposed Water,” will presented. This paper was printed the 
October number Proceedings. 


Wednesday, January 3d, 1900, 8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper Allen Hazen, Assoc. Am. Soc. E., entitled 
Albany Water Filtration Plant,” will presented. This paper 
printed this number Proceedings. 
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228 CURRENT TECHNICAL LITERATURE. 


[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 
(October 11th November 7th, 1899.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 
(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Inst., Philadel- 
phia, 50c. 
(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 
Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 
(6) School Mines Quarterly, Columbia 
arterly, Mass. Inst. 
(8) Stevens Institute Indicator, Stevens 
Institute, Hoboken, J., 50c. 
(9) Magazine, New York 
ity, 30c. 
(10) Magazine, New York City, 


(11) Engineering (London), Wiley, 
New York City, 35c. 
(12) The Engineer International 
News Co., New Yor 
(13) News, New York City, 


(14) Record, New York 
ity, 
(15) Gazette, New York City, 


(16) Engineerin and Mining Journal, 
York City, 15c. 

(17) Journal, New York 


(18) Railway and Engineering Review, 

19) Scienti merican Supplement, New 
York 


City, 
Age, York City, 10c. 
21) Engineer, London, Eng- 


(22) Iron and Coal Trades Review, Lon- 

don, England. 

(23) Bulletin, American Iron and Steel 

Assoc., Philadelphia, Pa. 
(24) American Gaslight Journal, New 
York 

(25) ngineer, New York City, 
Electrical Review, London, England. 
Electrical World and Electrical En- 

gineer, New York City, 10c. 

(28) and London, Eng- 


nd. 
29) Journal, Society Arts, London 


(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels, Belgium. 


(32) Memoirs Compt Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 

Modern Machinery ,Chicago, 

(42) Transactions, Am. Inst. Elec. Eng., 
New York 

(43) Annales des Chaussées, 
Paris, France. 


ngland. 

(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 

(49) Zeitschrift fir Bauwesen, Berlin, Ger- 
man 


any. 

(50) Stahl und Duesseldorf, Ger- 

(51) Deutsche Berlin, Ger 

ussia 


(53) Zeitschrift des oesterreichischen In- 
enieur und Architekten Vereines, 
ienna, Austria. 

(54) Den Tekniske Forenings Tidsskrift, 

Copenhagen, Denmark. 
(55) Copenhagen, Denmark. 
(56) Tidskrift. Stockholm, Swe- 


en. 
58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, Pa. 50c. 
Transactions, Mining Institute 
Scotland, London and 
upon-Tyne. 


(60) Bridges and Framed Structures, 


Dearborn St., Chicago, 30c. 
(61) Proceedings, Western ilway Club. 
225 Dearborn St., Chicago, 25c. 
(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 
(63) Minutes Proceedings, Inst. E., 
London, England. 


(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 
(45) and Minerals, Scranton, Pa. 
(46) Scientific American, New York City, 
(47) Mechanical Engineer, Manchester, 
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LIST ARTICLES. 
Bridge. 


Concrete Protection Walls for Bridge (18) Oct, 14. 

The Scherzer Rolling-Lift Bridge, (47) Oct. 

The Development the Arch (12) Oct. 

The Eighteenth Street Bridge, Philadelphia. (14) Oct. 14. 

Suspension Bridges with Stiffening Girders. (63) Part III, 1899. 

Oblique Arches Curves. Arthur Hatsell Owles. (63) Part III, 1899. 

Concreté and Iron Bridge Wis. (13) Oct. 19. 

Manufacture the Cast-Steel Voussoirs for the Alexander III Bridge, Paris. (13) Oct. 19. 

Long Double-Track Plate Girder Span. (14) Oct. 21. 

The Life Timber Employed Railway Bridges the United States. (18) Oct. 21; 
Oct. 26; (15) Oct. 27. 

The Maiden Lane Bridge, Alb (14) Oct. 28. 

The Atbara Bridge. (14) Nov. 


Concrete Piers, Sangamon River Bridge. (14) Nov. 

New Form Plate-Girder Swing Bridge, St. Ry. (18) Oct. 28. 

Pont Roulant Montage Pont Alexandre III Paris. (35) Oct., 
Les d’Amélioration Pont Huy. Marote. (31) Troisiéme livraison, 


Execution d’un Pont Biais Ciment Armé d’aprés Hennebique. Haerens. 
(31) Troisiéme livraison, 1899. 


Electrical. 

The Determination the Wave Form Alternating Currents without Contact Maker. 
Harris Ryan. (42) Aug. and Sept., 1899. 

The Secondary Circuits from Fire Risk. Cary Hutchinson. (42) Aug. 
and Sept., 1899. 

the Internal Resistance Accumulators. Rimington. (26) 


20. 
for Obtaining High Frequencies and Pressures. Elihu Thomson. (27) 


ct. 14. 

Multiple Lightning Flash.. Kennelly. (27) Oct. 28. 

The Mechanism the Wehnelt Interruptor. (26) Oct. 20. 

Notes Electrical Specifications. Ernest Kilburn Scott. (26) Oct. 

Interior Alternating Current Wiring. R.W. Lohmann. (27) Oct. 21. 

The Electric Driving Printing Machinery. (26) Oct. 

Motor Speed Regulation. Alton Adams. (42) Aug. and Sept. 

for the Auxiliary Machinery Warships. Lieut. Robison, (9) Nov., 


German Electric Automobiles. (a7) Nov. 

from High-Potential Currents. Warren Reed and Lyman 
Reed. (27) Oct. 28. 

Plea for Working Standard Light. Everett Doane. (42) Aug. and Sept., 1899. 

The Photometry Incandescent Lamps. Prof. Arthur Rowland. (3) Nov., 1899. 

Current Are Lighting from Constant Current Transformers. (27) 
ov. 

Incandescent Lamp and Transformer Construction America. Henry Cottrell. 

Serial beginning Oct. 13, ending Oct. 20. 

Enclosed Arc Lamp Statistics. Marks. (27) Nov. 

Woburn, New Central Station. Wallis. Oct. 28. 

Company and the Deschene Electric Company. Archi- 
ald. ct. 14. 


West Ham, England, Central Station. (27) Nov. 

Carlisle Corporation Electricity Works. (26) Oct. 

Municipal Electricity Works. (26) 

The Commercial Transformation Energy. Daniel Mead, Am. (28) 
Serial beginning Sept. 15, ending Oct. 13. 

Means Attaining Safety Electrical Distribution. Emmet. Oct. 14. 

Electric Power Distribution and the Small Consumer. Dr. Louis Bell. (9) Nov., 1899. 

83-Mile Electric Power Transmission Plant. James Lighthipe. (10) Nov., 1899. 

The Snoqualmie Falls Electric Power Plant, Oct. (27) Oct. 21. 

Mt. Whitney, Cal., Transmission Plant. Donald Fry. (27) Oct. 28. 


Between Electrical Machines and Prime Movers. Friese. (48) 
ept. 


Electrical Power Rolling Mills and Foundries. O.Lasche. (59) 
Directe des Machines-Outils, par des Moteurs Acourants Polyphases. (36) 


10. 
Distribution d’Energie Electrique Nuremberg. Henry Martin. (33) Sept. 30. 
Marine. 
Windlass and Capstan Gear M.S. Oceanic. (11) Oct. 
Recent Trials the Machinery Warships. (63) Part III, 1899. 


The Development German Shipbuilding—Yards for the Building River Boats. 
Rudolph Haack. (9) Nov., 1899 


Tests Machinery Board Ship. Oct. 


The Machinery the Graving Dock Govan. Baxter. (47) Serial begin- 
ning Sept. 16, ending Oct. 


Tests the Holland Submarine Boat. (27) Nov. 
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Mechanical. 


Water-Tube Boiler. Mark Robinson. (47) Serial beginning Oct. ending 


Practice Steam Boilers Great Britain. Wansbrough. (10) Nov., 


Water-Tube Boilers for Marine Engines. James Tayler Milton. (63) Part III. 

The Need Testing Boilers. (14) Oct. 21. 

Hydraulic Boiler Test. (47) Oct. 28. 

for Testing Injectors. Charles Francis Park. (7) Sept., 1899. 

The Adjustment Shaft Governors. (47) Oct. 14. 

Engine Breakdowns and Their Lessons. Michael Longridge. (47) Oct. 14. 

Some Modern Economical Steam Engine Tests. Selected Bryan Donkin. (12) Oct. 


13. 

The Fuel Economy Engines Electric Railway Power Stations. (14) Oct. 21. 

The Thermal Efficiency Steam Engines. (12) Oct. 

Steam Engines and Dynamos the Heinrichsburg Canal Lift. (12) Oct. 

Engines Electric Railway Power Stations. Carpenter. 

13) Oct. 12. 

Experiments upon the Action Engine-Governors. William George Hibbins. (63) 
Part ITI, 1899; (20) Serial beginning Oct. 26, ending Nov. 

Engines the America Maru. (12) Oct. 27. 

Engines for the Sheffield Electric Tramways. (12) Oct. 27. 

The Riedler-Stumpf Valve for Blowing Engines and Air Compressors. (22) Oct. 27. 

Testing Indicator Springs. Jacobus. (8) Oct., 1899. 

Indicator Diagrams from Mill Engines. (47) Oct. 21. 

Secor’s Kerosene Motor. (47) Oct. 21. 

Tests British Gas Engines. Oct. 28. 

Judges’ Report the Trial Oil Engines the Edinburgh Show, 1899. (12) Oct. 13. 

The Erie Gas Engine Installation. (20) Oct. 26; (40) Oct. 27; (15) Nov. (25) Nov., 

1899; (14) Nov. (16) Nov. 

Automatic Generator for Acetylene Gas. Oct. 27. 

Steam Consumption Water-Gas Plant. (24) Oct. 23. 

Carburetted Water-Gas Manufacture. John Rusby. (8) 

ct., 

Gas from Coke Ovens. Dr. Schmidt. (22) Oct. 

Smokeless Combustion Soft Coal. William Kent. (8) Oct., 1899. 

The Safety Petroleum Fuel—Its Use for Locomotives and for Stationary Boilers. 
James Holden. (10) Nov., 1899. 

Crude Petroleum and its Products Fuel. Tweddle. (16) Serial beginning Oct. 14, 
ending Oct. 28. 

New Open-Hearth Steel-Making Process. Alexander Sattman. (22) Oct., 20. 

Evans’ Ingot (12) Oct. 13. 

Some Forms Magnetic Separators and their Different Ores. 
MeNeill. (11) Serial beginning Oct. 13, ending Oct. 20. 

Recent Applications Electro-Metallurgy Mechanical Engineering. (22) Oct. 


Holding Power Wood Screws. Macphail and Irving. (11) Oct. 

The Wurdemann Automatic Dividing Engine. Berger. (13) Nov. 

The Lanston Typesetting and Casting Machine. (13) Nov. 

The Manufacture Liquefied Carbonic Acid. (11) Oct. 20. 

The Development the Automatic Screw Machine. Henry Roland. Nov., 1899. 

Some Overhead Electric Traveling Cranes. Parrott. (10) Nov., 1899. 

Duplex Radial Drill. (48) Sept. 23. 

Modern Machine Shop Berlin. (48) 30. 

Boiler Shops the Elsas Machine Co., (48) Oct. 

Mechanical Draft versus Chimney Draft. (48) Oct. 14. 

Bourdon’s Tube Manometer. Sserebrowsky. 18. 

New Machine Tools for Metal Working. (56) Oct. 14. 

Pont Roulant Tonnes. (33) Oct. 21. 

Manutention Mécanique Coke dans les Usines Averchére. (33) Oct. 14. 

Circulation dans les Chaudiéres Multitubulaires. Brillié. (33) 
Serial beginning Sept. 23, ending Oct. 21. 


Mining. 


Care and Maintenance Mining Machinery. Oct. 16. 
the Raising Water from Deep Mines. (22) (62) 
ict. 26. 

Bottom Haulage Landing the Mammoth Mine. Howard Eavenson. (13) Oct. 12. 

The Lake Superior Iron Ore Mines and Their Influence upon the Production Iron and 
Steel. Jeremiah Head and Archibald Potter Head. (63) Part III, 

Report the Victorian Mines Ventilation Board. (22) Oct. 13. 

The Analysis Coal Roentgen Rays. (22) Oct. 18. 

Evolution Mining and Ore Treatment Colorado. Thomas Tonge. (9) Nov. 1899. 

Speed Drilling. Lane. (16) Nov. 

Pumping Deep Mines. (16) Nov. 

Gas and Oil Borings China. 55) 30. 

Nouvelle Installation pour Remplir d’Oxygéne les Appareils Respiratoires usage 
dans les Mines. (33) Oct. 21. 
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Municipal. 


The Life Pavements. (14) Oct. 21. 

Brick Pavements. (14) Oct. 14. 

Pavements Between Street Railway Tracks. (14) Oct. 14. 
Street Railways and Street Pavements. (14) Oct. 14. 
Recent Street Track Rochester, (14) Oct. 21. 
Rail Bonds. (14) Oct. 21. 


Rail Bonding for Electric Railways. Harold Brown. (13) 
12. 

Experiments Rail Bonds. Prof. Henry Norris. (47) Oct. 28. 
Construction and Maintenance Street Railway Tracks. (13) Oct. 26; (17) Nov., 1899. 
Portable Asphalt Plant. (14) Nov. 

Asphalt Fluxes. (14) Oct. 14. 

Electrolysis. (14) Oct. 21. 

The Tabulation Municipal Statistics. (14) Oct. 14. 

Acetylene Gas Lighting Hawes. (12) Oct. 13. 

Public Electric Lighting. (14) Oct. 21. 

Acetylene Gas Plant. (14) Oct. 21. 

‘The Conversion Public Lamps for Incandescent Gas Lighting. (24) Oct. 23. 


Railroad. 
the Busiest Railroads the World. Am. Soc. C.E. Oct. 


Progressive Development the English Coupling. Phillips. (15) Oct. 20. 

New York Central Improvements Albany. Oct. 27. 

The Largest Locomotive the World. Central Railroad. (13) Oct. 26. 

Two Locomotive Designs. Oct. 27. 

Locomotive Front Ends. Snowden Bell. 1899. 

Wider Fire Boxes. William Forsyth. (25) Nov., 1899. 

Corrosions and Cracks Locomotive Boilers. (15) Nov. 

Door Fastenings for End Dump Cars. Johnson, Jr. (13) Oct. 26. 

Pumping Engines for Water Stations. Oct. 27. 

Handling Ballast the Michigan Central. Oct. 13. 

Filling Trestles the Hydraulic Method. (13) Oct. 12. 

Pile-Driver, Lake Shore and Michigan Southern Railway. (18) Oct. 14. 

Progress Signaling. Sperry. Nov. (18) Nov. 

Normal Safety vs. Normal Danger. A.J. Wilson. (15) Nov. 

Some the Problems Train Braking. Wilkinson. (15) Oct. 13. 

Electric Railway Practice America Chicago. (17) Oct., 1899. 

Electric Railway Practice Louis (17) Oct., 1899. 

Electric Railway Practice Great Britain. Short. (17) Oct., 1899. 

Electric Railway Practice Austria-Hungary. Ziffer. (17) Oct., 1899. 

Electric Railway Practice Argentina. Manville. (17) Oct., 1899. 

The Service Performance Railway Motors. Potter. (17) Oct., 1899; (15) Oct., 27. 

The Street Railway System Hanover, Germany. Woolsey McA. Johnson. (27) Oct. 14. 

The Electro-Pneumatic System Motor Control and the Baldwin New 

Trucks for Heavy Electric Cars. Oct. 13; (17) Oct., 

Maintenance Street-Car Equipment. (13) Oct. 26. 

Chemin Fer Electrique Laon. Bourquelot. Oct., 1899. 

Description actuel d’Avancement des Grands Travaux Chemins Fers 

ept., 


Sanitary. 


The Engineering and Sanitary Renovation Havana Under United States Military 

Government. (13) Oct. 12. 

The Salient Features the Chief Engineer’s Annual Report the Drainage Canal 
the Sanitary District Chicago for 1898. Isham Randolph. (4) Aug., 1899. 

Sewage. Sir Preece. (28) Oct. 13. 

The Need House Sewer Traps. (14) Oct. 14. 

Sutton Sewage Disposal Works. Oct. 13. 

Experience with Bacteria Beds. (14) Oct. 21. 

The Tank Process Sewage Treatment Exeter and Yeovil, England. (13) 

ct. 26. 

Recent Crossness Experiments with Bacterial Sewage Treatment. (14) Oct. 28. 

Sewage Disposal Experiments Leeds. (14) Nov. 

The Moon Island Sewage Reservoir, Boston. (14) Nov. 

The Bacterial Treatment Crude Sewage Crossness. (12) Oct. 20. 

Bacteriological Works Hampton-on-Thames. (12) Oct. 20. 

Garbage Disposal and Street Cleaning. (14) Oct. 14. 

Garbage Disposal Cincinnati. (14) Oct. 14. 

Garbage Disposal Toronto, Ont. (14) Oct. 21. 

Général des Eaux d’Egout ville Paris, les usines les 
Champs d’Epuration. Fourrey. (36) Oct. 10. 


Structural. 


The Crystalline Structure Metals. Ewing and Rosenhain. (11) Oct. 
The Deceptive Fracture Thomas West. (11) Oct. 27. 
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Structural—(Continued). 


Manipulaiing High-Carbon Steel. Messimer and Carter. (28) Oct. 27. 
Malleable Cast Iron the United States. George Davis. (15) 
20. 


The Determination Nickelin Nickel-Steel. George William Sargent. (16) Oct. 28. 
Practical Miscroscopic Analysis for Use Steel Works. Ridsdale. (13) Nov. 
Pig and their Value Foundry Practice. James Williard Miller. (62) 
19; (13) Nov. 
The Relation Between the Structure Steel and Its Thermal and Mechanical Treatment. 
Albert Sauveur. (47) Serial beginning Oct. 21, ending Oct. 28. 
Testing Chimney Masonry. (55) Sept. 16. 
Comparisons Similar Structures and Machines. Prof. Archibald Barr. (11) Serial 
beginning Oct. 13, ending Oct. 27. 
Fireproofing and Preserving Timber. Sherard Cowper-Cowles. (28) 
ct. 20. 
Experiments Earth Pressure Against Retaining Walls. (13) Oct. 19. 
Dams—Principles Design and Construction. Robert (10) Nov., 


1899. 
Simple Method Bonding the Brickwork Square Arch with Oblique Faces. 
Henry Ashman Reed. (63) Part ITI, 1899. 
The Foundations the Manchester Ship-Canal Grain-Elevator. Gerald Gascoigne 
Lynde. (63) Part 1899. 

Elasticity Portland Cement. Brown. (63) Part ITI, 1899; (14) Oct. 28. 

Specifications for Waterproofing Tunnel Masonry. (14) Oct. 28. 

Rapid Pneumatic Foundation Work. (14) Oct. 28. 

The American Exchange National Bank Building, New York. (14) Oct. 14. 

The Convention Hall Kansas City, Mo. (13) Nov. 

New Electric Power Station, Woburn, Mass. Wallis. Nov. 

Wall Supports Steel Cage Building. (14) Nov. 

Hot-Blast Gravity Steam Heating Apparatus. (14) Nov. 

Hot-Water Furnace for Heating Residence. (14) Oct. 28. 

Elaborate System Residence Plumbing. (14) Oct. 21. 

Model Tramway Power Station, Pittsburg, Pa. (11) Oct. 20. 

Maisons Construction Economique Saint-Denis Alfortville (Seine). Georges 
Guyon. (35) Oct., 1899. 


Water Supply. 


Modification Irrigation Excess Weir Spill Box. (13) Oct. 26. 

Cold-Water Drinking Fountains. (14) Oct. 28. 

The Venturi Water Meter. (12) Oct. 27. 

19. 

The East Providence Filter. (14) Oct. 21. 

The Water-Works the Madras Presidency. Alfred (63) Part III, 1899. 

Coatings for Cast-Iron Water Pipes. Thomas Wiggin. 

Laying 6-In. Water Main Across Havana Harbor. Howard Egleston. (13) Oct. 12. 

The Reduction Water-Waste. (14) Oct. 14. 

Water Rates. (14) Oct. 14. 

Lining Reservoir near Whitby. George Bransby Williams. (63) Part 1899. 

Covered Reservuirs. Frank Fuller. (1) 1899; 

Basins for Water-Works. Wynkoop Kiersted, Am. Soc. (14) 

ct. 28. 
Elements Design Favorable Speed Regulation Plants Driven Water Power. 
Allan Garratt. (42) Aug. and Sept.. 1899. 
Les Travaux Dérivation des Sources Ed. Walin. (30) Oct., 1899; (31) 
Troisiéme livraison, 1899. 

Remblai Rochaux avec Métallique. Dumas. (33) 

t. 21. 


Waterways. 


Notes Chicago City Datum. John Alvord, Am. Soc. (4) Aug., 1899. 
The Marquette Breakwater and Duluth Ship Canal Piers. (14) Oct. 28. 
The Dymchurch Wall and Reclamation Romney Marsh. ward Case. (12) Oct. 20. 
Lock Gates for Ship Canals. Henry Goldmark, Am. Soc. (1) Sept., 
899. 
Sound-Producing Buoy. (28) Oct. 27. 
Improvements Dioptric Apparatus for Light-Houses. William Tregarthen Douglass 
and John Archibald Purves. (63) Part III, 1899. 
Test the Kretz Dredge Strassburg. (51) Serial beginning Oct. ending Oct. 
enry. (33 
Les Travaux Comprimé Port Cadola. (30) 1899. 
1899. 
Usine Hydraulique Bourg-et-Comin pour Alimentation Canal Aisne. 
(34) Oct., 1899. 
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NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


MONOPOLIES AND THE PEOPLE. 


Whiting Baker. revised and enlarged. 


Cloth inches, 368 pp. New York, Putnam’s Sons, 1899. 
$1.50. 


The older this work has been reprinted form. New material 
has been added, 


presenting survey the growth monopolies each the several 
departments industr during the past decade. This review has been confined, with 
few exceptions, the United States. The author the opinion that the death 
competition, great proportion industries, inevitable, and that Government 
regulation likewise inevitable. 


THE ACTION MATERIALS UNDER STRESS; 


Or, Structural Mechanics; comprising the Strength and Resistance 
Materials and Elements Structural Design; with Examples and 
Problems. Charles Greene, Am. Soc. E., Professor 
Civil Engineering, University Michigan. Cloth, ins., 266 pp., 


plates. Ann Arbor, Mich., 1897. Printed for the Author the 
Inland Press. Donated the Author. 


This work intended serviceable after class-room work con- 
cluded, and arranged for reference, with that end view. The treatment the 
subject largely graphical. the constructions are simple. The notation, through- 
out, practically uniform, and that used several standard authors. The Contents 
are: Action Piece under Direct Force; Materials; Beams; Torsion; Moments 
Inertia; Flexure and Beams; Restrained Beams; Continuous Beams; 
Pieces under Tension; Compression Pieces; Safe Working Stresses; Internal Stress, 


Change Form; Rivets; Pins; Envelopes; Plate Girder; Earth Pressure; Details 
Wood and Iron. There index three pages. 
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ADDITIONS. 
Date 
Membership. 

Barnes, Howarp 

City Eng., Medford, Mass...... 

Engineer Penna. Water Co., Wilkinsburg, Pa........... Nov. 1899 

527 Garfield Bldg., Cleveland, Oct. 1899 


Prin. Asst. Engr., Canadian Pacific Ry. Co., Trail, 


Horace 
Chief Eng., Paso and Northeastern Ry., Alamogordo, 


Prof., Civ. Eng., Washington St. Oct. 1894 


ASSOCIATE 


Roadmaster, Allegheny Div., Erie R., Hornellsville, 


Burns, FERGUSON 

Asst. Eng., Louisville and Nashville Oct. 


Cox, 
Civil Eng., Navy, New York Navy Yard, New York 


James Hervey Jun. April 30, 1895 

City Surveyor, Charleston, Assoc. Oct. 1899 
Henry 

Asst. Eng., Passaic Rolling Mill Co., Oct. 1899 

Box 77, Woodland, Yolo Co., Cal........ Oct. 


Room, 536 City Hall, Philadelphia, Assoc. Nov. 1899 
CHARLES STEWART 
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ASSOCIATE. 
Date 
JEAN AUGUSTE Membership. 
1310 Arch Philadelphia, Oct. 1899 
JUNIORS. 


Danforth Ave., Jersey City, 


Axton, Franklin Co., New York............ Oct. 1899 


CHANGES ADDRESS. 
CORRESPONDING MEMBER 


Germany. 


MEMBERS, 


734 Stock Exchange Bldg., Chicago, 

ALLEN, and Sanitary 742 Equitable 
Bldg., Baltimore, Md. 

bus, Ohio. 

Kern Co., Cal. 


York City. 
Comstock, West 25th St., New York City. 
GOBRECHT..... 945 Drexel Bldg., Philadelphia, Pa. 
ALBERT East Oneida St., Oswego, 
JAQUES, HENRY.......... Commonwealth Ave., Boston, Mass. 
JOHNSON, Francis Public Works Dept., Caledon Square, Cape 


Town, South Africa. 


Newaygo Portland Cement Co., Ne- 
waygo, Mich. 


TIMOTHY......... Asst. Eng., Ill. Cent. Co., Covington, 
Tenn. 

Ave., Chicago, 

.5727 Rural St., Pittsburg, Pa. 

Isthmian Canal Commission, Greytown, 
Nicaragua, 

WasHINGTON...67 Streater Ave., Cleveland, Ohio. 

Ralston Warner, Engineers, Republic, 
Wash. 

Engr. Office, Detroit, Mich. 

ANDREW JACKSON......... Eng., Owyhee Land and Irrig. Co., Boise, 
Idaho. 


Engr., United States Elec. Light 
Power Co., East 23d St., New York City. 


1899 
1899 
1899 
1895 
1899 
1893 
1899 
1898 
1899 
1899 
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ASSOCIATE 


Mass. 

..........Judson Hotel, Washington Square, New 
York City. 

1428 North Bouvier St., Philadelphia, Pa. 

HANSON ........ Eng., Missouri Valley Bridge and Iron 
Works, Leavenworth, Kans. 

....... Eng., The Penna. Steel Co., 348 


Spruce St., Steelton, Pa. 

Kelvinside, Glasgow, Scotland. 


lehem, Pa. 

Danis ....... ...Care Westinghouse Elec. and Mfg. Co., 
East Pittsburg, Pa. 

CHARLES AUGUSTINE ...... Eng. Office, 601 18th St., 
Washington, 


Vance St., Memphis, Tenn. 
Brown........929 University Ave., Madison, Wis. 


SAMUEL ........ 712, Los Angeles, Cal. 
ASSOCIATE. 
JOHNSTON, JOHN PARRY 444 Manhattan Ave., New York City. 

ANDERSON, JAMES CHRIS ......... Magnolia Ave., Jersey City, 

THEODORE West 67th St., New York City. 

East 87th St., New York City. 

...... Mechanics Bank Bldg., 215 Mon- 
tague St., Brooklyn, 

POLLEDO, YSIDORO Montero Cia Teniente Rey 16, 
Habana, Cuba. 

Jr...... West St., New York City. 

ARTHUR Barber Asphalt Paving Co., West Ave. 
and Sixth St., Long Island City, 

WILLIAM.......... Custom House, St. Louis, Mo. 
Drawer 
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AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE ALBANY WATER FILTRATION PLANT. 


PRESENTED JANUARY 3D, 1900. 


Albany, Y., was originally supplied with water gravity from 
certain reservoirs small streams west and north the city. 
time, with increasing consumption, the supply obtained from these 
sources became inadequate, and additional supply from the Hudson 
River was introduced. The water was obtained from the river through 
tunnel under the Erie Basin, and pumping station was erected 
Quackenbush Street pump reservoirs, one which served 
also the distributing point for one the gravity supplies. The 
intake, which was used first 1873, drew water from the river op- 
posite the heart the city. recent years, the amount water 
drawn from this source has greatly exceeded that obtained from the 
gravity sources. 

Some the city sewers enter the river above the intake, but most 
them are below it. times flood, the water thus obtained was 
polluted the sewage only few the city sewers. low- 
water stages, however, owing the tidal currents, the water con- 
tained much sewage, which was carried stream the intake, and 
papers are issued before the date set for presentation and discussion. 


subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published the volumes Transactions. 
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the sewage the city was thus present, very considerable amount, 
its own water supply. 

addition the local sources pollution, the river received 
the sewage Troy and the surrounding cities, miles above, 
and the sewage Schenectady, Utica, Rome, and many other places 
farther away. 

Under these conditions the typhoid fever death rate Albany was 
excessive. Professor Mason, Troy, made report upon the 
quality the water the Water Board 1885, which stated 
unmistakable terms that the water then used was source 
disease, and should abandoned the earliest practicable date. 

Following this, attempt was made secure ground-water 
supply, but without results. Studies were then made for gravity 
sources supply, mentioned the reports the Board Water 
Commissioners for the years 1891 1893. 

Failing secure the necessary legislation introduce gravity 
supply, the Board, 1896, investigated methods purifying the 
present supply. The matter was studied the Board and its 
Superintendent, George Bailey, Am. Soc. E., and the author 
was engaged, January, 1897, examine the studies which had been 
made, and report upon the projects presented. This report, pre- 
sented the Board February, 1897, recommended the general 
scheme previously outlined the Superintendent, namely, abandon 
the present intake, and establish new one point about two 
miles farther the river, point above all the local sources 
pollution, and pump the water low-lift pumps settling 


basin, from which would flow sand filters, and thence through 


pure-water conduit the present pumping station Quackenbush 
Street. 

Among other considerations, taken into account determining 
upon this site, was the fact that the present reservoir 
not sufficient elevation supply properly the highest parts 
the city, although the highest ground its immediate neigh- 
borhood. will necessary ultimately construct new high- 
service reservoir, and the most available location for upon land 
about miles northeast the present Prospect Hill Reservoir, where 
there excellent site directly back that recommended for the 
filters; that when becomes necessary construct the reservoir, 
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the most advantageous location for pumping station supply 
will close the filters. 

The report was accepted, the adopted, and the 
necessary funds were provided; and, July, 1897, the preparation 
plans was begun. 

the pure-water conduit was placed the Erie Canal, and 
the work constructing necessarily had done during the 
season closed navigation, plans for this part the work were 
prepared first. The contract was let Messrs. Hilt, Johnson, Fitz- 
gerald Mulderry November, 1897, and that part the work under 
the canal was completed before navigation opened, May Ist, 1898. 

Plans for the filters and sedimentation basin were completed 
January, 1898, and the contract was awarded February Messrs. 
Henry Dumary and the Wilson and Baillie Manufacturing Company, 
who commenced work under their contract April; but, owing 
various reasons connected with the installation very elaborate 
contractors’ plant, work was not pushed actively them until August, 
1898. Contracts for the pumping machinery, and for the pumping 
station and intake, were let the Prindle Pump Company and Stone 
Thurston, respectively, June and August, 1898, and the work was 
out during the fall and winter. Gates and all special valves 
were furnished the Eddy Valve Company. The work was 
ciently advanced that part the plant was put operation 
July 27th, 1899. The old intake was closed September 6th, 1899, 
since which time unfiltered river water has been pumped the city. 


Source 

The Hudson River, the point intake, has drainage area 
240 square miles. this, 4570 square miles are tributary the 
Hudson above Troy, 502 are tributary the Mohawk, and 168 are 
tributary the Hudson below the Mohawk. 

The average annual flow the streams probably amounts 
least 000 galls. per square mile per day, over 000 000 000 
galls. per day. The minimum flow only small fraction this 
amount. gaugings the river this point are available. George 
Rafter,* Am. Soc. E., has made study the flow the 
Upper Hudson, and estimates the minimum flow Falls 0.24 


Report the State Engineer and Surveyor for 1895, 119. 
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cu. ft. per second per square mile tributary drainage area. 


751 


Assum- 


ing that this figure applies the whole the Hudson above Troy, 
and taking somewhat lower figure, namely, 0.15 cu. ft. per second 
per square mile, for the discharge the Mohawk and the 


wae 


‘ 


WATERSHED HUDSON RIVER ABOVE INTAKE 


Note:- Circles show population in 1880,1890,and estimated 
population for 1900. A single circle indicates no 
growth or very slow growth. 

SCALE 


° 10 20 30 40 50 MILES 


10 20 30 40 50 60 670 so 8690 100 KILOMETERS 


Fia. 


below Troy, arrive minimum flow the Hudson Albany 
657 cu. ft. per second, 060 000 000 galls. per hours, being, 
round numbers, 100 times the average amount water now taken from 
the river for water-works purposes, and least the maximum. 
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Pollution the Water.—Table No. gives the names the 
cities and larger towns upon the river above the intake, with estimated 
populations and distances. The largest these places are also shown 
upon the map the water-shed, Fig. 


TABLE No. Towns AND VILLAGES THE WATER-SHED 


AND OVER. 


Approxi- 

POPULATION IN: 

distance 
above 


1900. 


County. 


Rensselaer 
Albany 


or 


Lansingburg 

Mechanicsville 

Schaghticoke ..... 

Schenectad Schenectady 
Schuylerville Saratoga 


Greenwich 


Fort Edwa 

Hoosic Falls 
Amsterdam 
Cambridge...... 
Sandy Hill 

Glens Falls 


Saratoga Springs 
Springs 


Bennington, 
Gloversville 
Canajoharie 
Williamstown, Mass. 

North Adams, Mas 
Schoharie 

Fort Plain 
Middleburg 

St. Johnsville 

Adams, Mass 
Warrensburg 
Little Falls 


Rensselaer ... 
Montgomery 
Warren 


Bennington 
Fulton 
Montgomery. 
Berkshire 


Saratoga 


Berkshire .... 
Warren 


Montgomery. 
Schoharie 
Warren 
Herkimer .... 
Herkimer .... 
Herkimer .... 
Herkimer 
Herkimer .... 


Bs 


= 


~ 


— 
Zo 


o 


Total, not including rural population 


| | 
60 956 65 470 
12 967 19 040 ; 
4463 4 788 
10550 14 980 
1387 1190 
| 1 723 
| 18 450 
South Glens Falls......| Saratoga 887 
68 468 
74 1 072 
5 591 
104 | 88914 
Whitesboro............| 107 1370 
New York 108 (1195) 
New Hartford Mills 710 
121 236 
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TABLE No. WATER FROM CHAN- 
NEL AND FROM Back CHANNEL PROPOSED Pornts INTAKE. 


Back CHANNEL. MAIN CHANNEL. 
Approximate 
Date. Hour. state 
tide. Turbidity.| Bacteria. Turbidity.| Bacteria. 
| | 
1898. 
Nearly hig 600 0.04 040 
6.40 0.08 640 0.04 600 
| 


Without entering into detailed discussion, may said that the 
amount sewage, with reference the size the river and the volume 
flow, fraction less than that Lawrence, Mass., where filter 
plant has also been constructed, but the pollution much greater 
than that most American rivers from which municipal water sup- 
plies are taken. 

Position general form the river channels near the 
new plant shown Figs. Opposite the plant long, 
narrow island. The land upon which the filter plant built fronts 
the back channel the river. This back channel carried formerly 
considerable proportion the river’s flow, but, improve navigation, 
the United States Government has constructed dike, the top which 
about ft. above low water, and this dike cuts off most the flow 
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through this channel ordinary river stages. flood stages the dike 
overtopped, and the channel takes large amount water. 

The question arose whether build intake across the back 
channel and the island the main channel the river, take 
water from the more convenient back channel. Each point had its 
advantages. the relative character the water, examina- 
tions were made Dr. George Blumer, the Bender Hygienic 
Laboratory, Albany. The most important the results these 
examinations are shown Table No. 

The results, July 7th, are normal, and represent the condi- 
tion the water would ordinarily. Afterward, commencing 
July 9th, the contractors dumped sand and gravel the back chan- 
nel, and took again dredging, for construction purposes, with 
the result that this water was fouled, and the samples taken after that 
time not represent its normal condition. 

The results, July 7th, showed, general way, that the 
water the back channel was considerably better than that the 
main channel. Occasionally, there was but little difference, and this 
would always the case when the river was flood. time was 
the water the back channel materially worse than the main 
channel. 

One the city sewers enters the river point short distance 
from the outlet the back channel, and there was possibility that 
sewage therefrom would carried the back channel flood tides. 
the other hand, the water the main channel had come directly 
from the Troy sewers, while that the back channel was more less 
completely cut off from the main current, and was moved back and 
forth the tides, and opportunities for natural purification were 
present greater degree than the mainchannel. These conditions, 
apparently, more than offset the possible admixture fresh sewage. 

The plan finally presented was build two intakes independent 
each other, one each channel, and connected with the pumping 
station separately; but, view the superior average quality the 
water the back channel, the time letting the contract for 
the intake, was decided construct first only the intake the 
back channel, and put stub for the other intake, the construction 
which was deferred until such time might seem necessary, 
indefinitely, should the relative qualities the raw water the 
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two channels remain during the time covered the foregoing 
examinations. 
PLANT. 

The filter plant, and all structures connected therewith, are shown 
Figs. 15, and this description, for the most part, will limi- 
ted those points which are not thus shown. 

Intake.—The intake shown Fig. and consists simple 
concrete structure the form box, having open top covered with 
rails ins. apart, and connected below, through 36-in. pipe, with 
well the pumping station. Before going the pumps the water 
passes through screen with bars ins. apart, arranged 
raked readily. The rails over the intake and this screen are in- 
tended stop matters which might obstruct the passageways the 
pumps, but attempt made stop fish, leaves other floating 
matters which may water. The arrangement, this respect, 
like that the filter Lawrence, Mass., where the raw water not 
subjected close screening. There room, however, place finer 
screens the pump well, should they found desirable. 

Pumps.—The centrifugal pumps were built for the Prindle Pump 
Company the Lawrence Machine Shop. They have guaranteed 
capacity galls. per hours against lift ft., 
000 000 galls. per hours against lift ft., corresponding 
water-horse-power, either case, 50.5. The ordinary pumping 
low water against the higher lift, and under these conditions either 
pump can supply the ordinary consumption, the other pump being 
held reserve. The plant arranged, however, that for any 
reason large quantity water required when only one pump can 
used, water can pumped direct the filters against the lower 
head, which case one pump will deliver larger quantity, 
000 000 the full nominal capacity the plant. 

The boilers were built James Hunter, Albany, and are the 
vertical tubular type, each 100 H.-P. The engines are connected 
directly the pumps, and were built the Watertown Engine Com- 
pany. The plant supplied with Dean condensers, feed-water filter, 
and other appurtenances. The whole plant duplicate, either half 
which capable supplying the ordinary consumption, the 
consumption the limit capacity the filters under the above- 
mentioned conditions. 
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The pumping station building, point above the highest flood- 
level, massive concrete construction, without openings. Nearly 
all the machinery necessarily below this level, and high water 
the sluice gates are closed, and the machinery thus protected from 
flooding. The superstructure pressed brick, with granite 
trimmings. The general form the pumping station and the arrange- 
ment the pumping machinery are shown Fig. distant view 
the building shown Fig. Plate XIV. 

Meter for Raw Water.—Upon leaving the pumping station the 
water passes through 36-in. Venturi meter having throat diameter 
ins., the throat area being two-ninths the area the pipe. 
The meter records the quantity water pumped, and also arranged 
show gauges the pumping station the rate pumping. 

Aeration.—After leaving the meter, the water passes the sedi- 
mentation basin through eleven outlets. These outlets consist 
12-in. pipes end, the tops which are ft. above the nominal flow 
line the sedimentation basin. Each these outlet pipes pierced 
with 296 holes extending from 0.5 3.5 ft. below the top 
the pipe. These holes are computed that when 000 000 galls. 
water per day are pumped, all the water will pass through the holes, 
the water the pipes standing flush with the tops. The water 
thus thrown out 256 small streams, and becomes aerated. When 
more than the above amount pumped, the excess flows over the tops 
the outlet pipes thin sheets, which are broken the jets. 

Regarding the necessity for aeration, observations have been 
taken upon the Hudson River, but, judging from experience with the 
Merrimac, Lawrence, where the conditions are many respects 
similar, the water all times more less aerated, and, for the 
greater part the year, nearly saturated with oxygen, and 
aeration not necessary. During low water summer, however, 
there much less oxygen the water, and these times aeration 
distinct advantage. Further, the river water will often have 
slight odor, and aeration will tend remove it. The outlets are 
arranged that they can removed readily winter, they are 
not found necessary that season. 

Sedimentation Basin.—The sedimentation basin has area 
acres and ft. deep. the overflow, has capacity 600 000 
galls., and, the flow line the filters, galls. There isthus 
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reserve capacity galls. between these limits, and this 
amount can drawn upon, without inconvenience, for maintaining 
the filters service while the pumps are shut down. This allows 
freedom the operation the pumps, which would not exist with 
the water supplied direct the filters. 

The sedimentation basin built the river bank, largely above 
the natural surface the soil. The sides are embankments made 
clay obtained excavating for the filters, mixed with gravel dredged 
from the river. These materials were put down alternate 3-in. 
layers, wet, and harrowed, and were rolled with 3-ton grooved rollers 
the top each gravel layer until the gravel was forced down into 
and thoroughly embedded the clay. The embankments made 
this way are extremely solid, stand vertical sections when cut, 
are not readily washed, and leakage through them has appeared 
point. The outsides the embankments are covered with soil, 
and the inside and bottom with ins. puddle, which protected 
from frost the sides covering with gravel, above which 
rough blue-stone pavement. 

The puddle was made mixing equal volumes the clay 

excavating for the filters, and mixed sand and gravel 
obtained from the river dredging. differed from the material 
the embankments only more thorough mixing, and greater care 
placing. The materials were mixed pugmill. was soon found 
that the best mixing was secured with rather large quantities water, 
while the best ramming required that the materials should not too 
wet. Accordingly, the materials were mixed wet, given preliminary 
ramming, allowed stand two three days, long was 
necessary, depending upon the weather, and afterward given the final 
ramming. the whole became too dry, the interval, was 
moistened this time. The puddle was put down three layers, 
and the concrete rested directly upon it. The concrete was put down 
blocks about ft. square, with }-in. joints, extending half-way 
from top bottom, filled with asphalt. The maximum rate 
placing puddle was about 000 cu. yds. per month. 

The water enters the sedimentation basin from eleven inlets along 
one side and withdrawn from eleven outlets directly opposite. The 
inlets and aerating devices described previously bring the water into 
the basin without current, and evenly distributed along one side. 
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Both inlets and outlets are controlled that any irregu- 
larities distribution can avoided. The floor the sedimenta- 
tion basin built with even slopes from the toe each embankment 
sump, the heights these slopes being ft., whatever their 
lengths. The sump connected with 24-in. pipe leading large 
manhole which there gate through which water can drawn 
empty the basin. There overflow from the basin this man- 
hole, which makes impossible fill the basin above the intended 
level. section the embankment about the sedimentation basin 
and other details are shown Fig. The method placing the 
concrete floors shown Fig. Plate while view portion 
the finished basin use shown Fig. Plate XIV. 

When the basin being cleaned, the supply maintained open- 
ing the by-pass from the pumps the filters and pumping them 
direct. Cleaning can done during periods continued clear 
weather, such occur the summer and fall, without the slightest 
detriment the filters, and will not necessary clean them 
oftener than once year. 

special provision made for flushing out the mud; but, 
opening the gates the inlet and outlet pipes, water can intro- 
duced twenty-two points along two sides the basin, and 
believed that this, with the slope the bottom, will sufficient 
enable the mud swept out readily. 

Filters.—The filters are masonry, and are covered protect 
them against the winters, which are quite severe Albany. The piers, 
cross-walls and linings the outside walls, entrances, etc., are vit- 
rified brick. All other masonry concrete. The average depth 
excavation for the filters was ft., and the material the bottom was 
usually blue yellow clay. some places shale was encountered. 
one place soft clay was found, and there the foundations were made 
deeper. 

floors consisted inverted, groined, concrete arches, 
arranged distribute the weight the walls and vaulting over the 
whole area the bottom. The bottoms were put alternate 
squares running diagonally with the pier lines, shown Fig. 
Plate this way forms could used giving the shape the 
arches, and the surface the concrete was brought the required 
form screeds. After the concrete had set, the forms were removed 
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and the concrete for the intermediate blocks was placed, using screeds 
bring the surfaces the lines given the blocks already posi- 
tion. The foundations for the outside walls were put alternate 
sections, the lengths the sections being usually about ft. 

the outside walls the brick linings, ins. thick, were 
built first the full height. certain number bricks were laid 
endways, and projected into the concrete. The projecting bricks 
occupied about the area the wall. Afterward, wooden forms 
were put the outside, and the concrete backing was filled in. 
Sections the walls are shown Fig. 10. The arrangement the 
projecting brick shown Fig. Plate XII, which also shows the 
outside forms for the concrete wall the distance. 

stopping the day’s work the outside walls, the concrete was 
stepped off, the horizontal joints being made least four times long 
the vertical joints. This bonding proved adequate, and cracks 
have followed the joints made inthis way. The horizontal joints were 
strengthened further driving wooden stick into the concrete 
before stopping the work. This was removed afterward, and, when 
more concrete was added, formed thick old work. 
using sticks, which deep grooves were cut, and with slight batter, 
they could taken out without trouble and used again indefinitely. 

The outside walls are thus practically monolithic, and differ this 
respect from the floors and vaulting, which are made sections, the 
dimensions which not exceed ft. 

concrete vaulting was placed wooden centers 
supported wedges which could knocked out after the concrete 
had set, that the centers came down readily, and could moved 
forward and used again. Some the centers were used four five 
times the course the work, the only repairs necessary being the 
patching the lagging, and they were good order the end the 
work. The vaulting was designed with clear span ft., rise 
ft., and thickness ins. the crown, but the clear span was 
reduced ft. ins. fit the sizes the bricks the piers. 
was put squares, the joints being the crowns the arches 
parallel with the lines the piers, and each pier being the center 
one square. The manholes are alternate sections, and are con- 
crete, built steel forms with castings the tops, securely jointed 
the concrete. 
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the centers for the vaulting were moved forward, was neces- 
sary that they should fit closely the piers and walls their new posi- 
tions. The lumber for the centers was cut machinery, and was 
uniform dimensions. Considerable care was required make sure 
that the distances between the piers, and between the piers and the 
walls, should always exactly right fit the woodwork. This was 
accomplished stopping the work two courses before the top, and 
giving new lines and grades this elevation, after which the two 
upper courses were placed. opportunity was thus given correct 
any slight variations which might have crept below This 
procedure was much facilitated the walls projecting the upper 
courses brick about making slight cornice. Variations 
in. below this level not show. Such projections were not 
used the piers this case, but their use would have added the 
convenience construction and the appearance the finished work. 

Above the vaulting there are earth and soil, grassed top. 
The tops the manholes are ins. above the soil prevent rain 
water from entering them. The drainage the soil effected 
depression the vaulting over each pier, partially filled with gravel 
and sand, from which water removed 2-in. tile drain going 
down the center the pier and discharging through its side just 
above the top the sand the filter. The saving cost this 
arrangement was considerable, the cost the drains was much less 
than that the concrete which would have been necessary fill the 
areas over the piers had any other system been adopted. Further, the 
water entering this way good any water available, and there 
every reason for adding ittothesupply. enters before 
passes through the filters. Sections the vaulting are shown 
Fig. 10; details the centering used are shown Fig. 13. Plate 
XI, Fig. shows the placing concrete, and Fig. gives general 
view the vaulting various stages. The finished vaulting 
shown from beneath Plate Figs. and 

order provide ready access each filter, part the vault- 
ing near one side elevated and made cylindrical shape, making 
inclined runway from the sand level door, the threshold which 
ins. above the level the overflow. This sand-run provided 
with permanent timber runways and with secure doors. 

The manholes the filters are provided with double covers steel 


768 HAZEN ALBANY FILTRATION PLANT. [Papers. 


plates exclude the cold. The covers also exclude light. When 
cleaning the filters, light can admitted removing the covers. 
Supports for electric lights are placed the vaulting, that the filters 
can lighted electricity and the work cleaning can done 
night, and winter under heavy snow, without removing the covers. 
The electric lights have not yet been installed. The supports for this 
purpose are castings, which were put regular places the centers 
and surrounded concrete the vaulting. They are strong enough, 
and are placed serve for overhead carrier system for remov- 
ing the sand, should that found advantageous the future. For 
the present, the plan run out the sand wheel-barrows, 
commonly done European filter plants, and thus far this country. 
The possibility putting overhead rails with suspended buckets for 
carrying out the dirty sand seemed quite promising, but prices secured 
the installation machinery were great not justify for 
the removal the quantity sand estimated necessary taken 
out from the filters. 

The regulator houses, the entrances the sand-runs, and all exposed 
work are pressed brick, with Milford granite trimmings and slate 
roofs. The regulator houses have double walls and double windows, 
and tight ceiling the roof, make them warm possible and 
avoid the necessity artificial heat prevent freezing. 

The vaulting similar, many respects, that the covered 
filters Ashland, Wis., and Somersworth, H., but differs from 
that vaulting, that entirely concrete instead brick 
backed concrete. 

Underdrains.—The main underdrains for removing the filtered 
water are vitrified pipe surrounded concrete, and are entirely 
below the floors the filters. These drains were put before the 
construction the filters was commenced, and the concrete surround- 
ing them was brought the plane the bottom the foundations, 
that when the floor was built went over them continuously, with- 
out breaking any way the line inverted arches. This arrange- 
ment was adopted because the drains would have been the way 
they had been placed entirely above the floor, and any part the 
drain had been placed the would have reduced 
the strength the inverted arches, and would itself have bean liable 
breakage their pressure. the surrounding material clay 
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tight rock, danger loss water seepage can result from 
this arrangement. 

The main collectors are 30-in. vitrified pipes, reduced 
castings ins. the outlets, and the effluent from each filter 
passes through 20-in. gate. The underdrains are made much larger 
than would ordinarily required for carrying the quantities water 
involved. The reason for this that, after filter has just been 
scraped, the friction the water passing the sand very slight. 
the friction the underdrainage system not kept very low, there 
will much loss head that when filter started the pull 
exerted remote parts the filter will less than points near 
the outlet, and thus the parts near the outlet will operate rates 
which are too high, while the more remote parts will hardly filter 
all, and the resulting purification less than should be. The 
underdrainage system designed that, when starting filter after 


cleaning, the friction the sand about mm. rate 000 000 


galls. per acre daily, and the friction the underdrainage system 
estimated mm. This very low friction, which necessary, 
obtained the use ample sizes for the underdrains and low veloci- 
them. the outlet and measuring devices moderate losses 
head are not objectionable, and the sizes the pipes and connections 
are, therefore, smaller than the main underdrains. 

Connections with the drain are made through thirty-eight 
lets each filter, passing through the floor and connected with 6-in. 
lateral drains running through the whole width the filter. These 
drains were made with pipes having one side the bell cut off, that 
they would lie flat the floor and make concentric joints, without sup- 
port and without having wedged. They were laid with space 
about in. between the barrels, leaving large opening for the ad- 
mission water from the gravel. The general arrangement the 
drainage system shown Fig. Other details are shown Figs. 
and 10, while the computed frictional resistance one filter shown 
Fig. 11. 

Filter Gravel.—The gravel surrounding the underdrains three 
grades. The material was obtained from the river-bed dredging, 
and was the same stock that used for preparing ballast for the 
ing screen. The coarsest grade gravel was that which would not 
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pass round holes in. diameter, and free from stones more than 
about diameter. first was required pass screen with 
holes ins. diameter, but this screen removed many stones which 
was desired retain, and the screen was afterward changed have 
holes ins. diameter. The intermediate grades gravel passed the 
holes, and were retained screen with round holes in. 
diameter. The finest gravel passed the above screens and was retained 
screen with round holes diameter. The gravel was 
washed, until free from sand and dirt, water played upon during 
the process screening, and was afterward taken over screens 
the chutes where was separated from the dirty water, and, when 
necessary, further quantities water were played upon these 
points. 

The average mechanical analyses the three grades gravel are 
shown Fig. effective sizes were 23, and mm., respec- 
tively, and, for convenience, they are designated these numbers. 
The average uniformity coefficent for each grade was about 1.8. 

The 23-mm. gravel entirely surrounded the 6-in. pipe drains, and 
was carried slightly above their tops. some cases was used 
cover nearly the whole the floor, but this was not insisted upon. 

The 8-mm. gravel was obtained larger quantity than the other 
sizes, and was used fill all spaces plane ins. below the 
finished surface the gravel, this layer being about ins. thick over 
the tops the drains, and somewhat thicker elsewhere. 

The 3-mm. gravel was then applied layer ins. deep, and the 
surface leveled. The grades for the two upper gravel layers were 
shown directly the joints the brick work the piers. 

The form construction made best put lateral drain each 
section, ft. ins. apart centers. The drain itself occupies 
ins., and the longest course which water has pass the gravel, 
any event, about ft. This distance short that the frictional 
resistance the filtered water passing through the gravel 
extremely small, and, therefore, was possible vary the gravel 
sections somewhat according the relative amounts gravel the 
several grades obtained screening, without detriment the work. 
The gravel was varied between ins., 
according the supply available, and similar variations were made 
the other grades; but the finished surface the gravel was always kept 
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the same elevation. Typical sections the arrangements the 
gravels are shown Figs. and 11, and Fig. Plate XIII. The 
greatest rate which gravel was obtained and placed was about 500 
cu. yds. per month. 

Filter Sand.—The preliminary estimates cost were based upon 
the use filter sand from bank near the filter site. Further exam- 
ination showed that this sand contained considerable quantity 
lime, and experiment with small filter constructed 
for that purpose that the use this sand would harden the water 
about parts and the amount lime contained the 
sand, namely, about 7%, was sufficient continue this hardening 
action for considerable years. This was regarded 
serious objection use, and the specifications were drawn limiting 
the amount lime the sand. This excluded all the local bank 
sands. The river sands which were used were nearly free from lime, and 
the end the sand secured was probably not only free from lime, but 
more satisfactory other ways, and also cheaper than the bank sand 
would have been. 

The sand was obtained from the river various places dredg- 
ing. was first taken dipper-dredges, and brought scows 
point the back channel little north the filter plant. was 
there dumped specially prepared place the bottom the river, 
from which was lifted hydraulic dredge and pumped through 
15-in. pipe average distance 525 ft. points selected, and 
varied from time time, the flats north the filters. The water 
containing the sand was then put through screens having meshes which 
excluded all stones mm. diameter and over, and was then 
into basins where the sand was deposited conical-shaped piles, the 
water running over the surface and away. The boards around the 
edges were always kept low prevent ponding and the conse- 
quent deposition fine particles dirt After certain 
amount sand was deposited one place, the point discharge was 
changed, the pile drained, inspected, and, found satisfactory, carried 
the filters. 

the work progressed, improvement upon this method was 
made. Piles were driven throughout the area which the sand 
was deposited, bridge was constructed, and the sand trucks. passed 
over it. Sand was shoveled continuously into the trucks, new sand 
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taking the place that shoveled out. Afterward, steam dredge 
was installed, which took the place part the shovelers. With 
this arrangement the sand was delivered constantly one place, and 
the necessity for changing the position the screen was avoided. 

considerable amount the finer part the sand was removed 
this process and accumulated below. This material was not suit- 
able for filter sand and was wasted. Some was afterward used 
for filling. The gravel removed from the sand was used under the 
pavement the sedimentation basin, and part was screened for 
filter gravel. The capacity the dredge was about 500 cu. yds. per 
day, scow measurement; but owing the losses and wastes, and the 
greater compactness the sand the filters, the amount sand 
secured, shown the final measurements, did not exceed 500 cu. 
yds. per month. 

The specifications the filter sand require that: 


filter sand shall clean river, beach bank sand, with 
either sharp rounded grains. shall entirely free from clay, 
dust organic impurities, and shall, necessary, washed 
remove such materials from it. The grains shall, all them, 
hard material, which will not disintegrate, and shall the follow- 
ing diameters: Not more than weight, less than 0.13 mm, nor 
more than 10% less than 0.27 mm.; least 10% weight shall 
less than 0.36 mm. and least 70%, weight, shall less than 
mm., and particles shall more than diameter. 
The diameters the sand grains will computed the diameters 
spheres equal volume. The sand shall not contain more than 


2%, weight, lime and magnesia taken together and calculated 
carbonates.” 


With the river sand and the method handling adopted the 
contractors, was possible control the quality the sand, that 
the specifications were complied with. layers two the 
filters little sand was allowed which contained few particles above 
mm. diameter. The screens were adjusted afterward that the 
largest particles were less than diameter. The 
filter sand has effective sizes from 0.29 0.32 mm., averaging 0.31; 
and uniformity coefficients from 2.2 2.5, averaging 2.3. Itsmechani- 
cal composition shown the diagram, Fig. 14. 

The sand and also the gravel were delivered the filters through 
the manholes, temporary plank roadways being built for that purpose. 
Trucks carrying yds., with pair horses, were driven over the 
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vaulting all directions, without hesitation and without damage 
it. The sand was dumped plank platforms constructed below. 
record was kept all the planks used for this purpose, and they 
were required taken the presence inspectors after- 
ward prevent the possibility leaving any them the filter. 
This arrangement necessitated working over all the sand under- 
neath the points dumping, and thereby became loosened from 
the excessive packing caused from height. The 
sand was deposited three horizontal layers, that, accident 
sand unusual quality was placed any point, the same kind 
sand would not extend from top bottom. The methcd placing 
the sand layers shown Fig. Plate XIJI, which also shows the 
gravel layers and lateral underdrain while ccmpleted filter with 
the sand smoothed ready for use shown Fig, Plate 

Apparatus.—Most the suspended matters the 
filtered water are held the top layer sand, and this layer removed 
from time time. The dirty sand washed, and eventually replaced 
the filters. Two ejector sand-washing machines, shown Fig. 15, 
are provided convenient places between the filters. them the 
dirty sand mixed with water, and thrown ejector, after 
which runs through chute into receptacle, from which again 
lifted anotherejector. passes all through five ejectors, part 
the dirty water being wasted each time. The sand finally collected 
from the last ejector, where allowed deposit from the water. 

Sand washers this kind have been used for many years scme 
the London water ccmpanies, and more recently Hamburg; and 
also Lawrence and Poughkeepsie this country. The entire cen- 
tral court between the filters and about the sand washers, shown 
Fig. Plate XIV, paved with brick upon concrete foundation, and 
affords convenient space for handling and storing sand. 

Inlets admitted each filter through 20-in. 
pipe from pipe system connecting with basin. Just 
inside the filter wall placed standard gate and that 
balanced valve connected with adjustable float shut off the water 
when reaches the desired height the filter (Fig. valves 
and floats were constructed from special designs, and are similar 
principle valves used for the same purpose the Berlin water 
filters. 
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Overflows.—Each filter provided with overflow, arranged 
that cannot closed, which prevents the water level from exceeding 
fixed limit case the balanced valve fails act. also 
provided near the sand-run, that unfiltered water can removed 
quickly from the surface the filter, should necessary, facili- 
tate cleaning. 

Filter Outlets.—The outlet each filter through gate con- 
trolled standard graduated show the exact distance the gate 
open. The water rises chamber and flows through orifice 
brass plate ins., the center which ft. below the level 
the sand line. the nominal rate filtration, 3000 000 galls. per 
acre daily, ft. head required force the water through the 
orifice. With other rates the head increases decreases approxi- 
mately the square the rate and forms measure it. With 
water standing the lower chamber, that the orifice submerged, 
assumed that the same rates will obtained with given dif- 
ference level between the water sides the orifice, 
from equal head above the center the orifice when discharging 
into air. The general arrangement the gate-houses, including the 
gates for wasting the effluent the river, for filling filters with 
filtered water from below, shown Fig. 12, while outside views 
gate-houses are shown Fig. Plate and Fig. Plate XIV. 

Measurement order show the rate filtration two 
floats are connected with the water the two sides the orifice. 
These floats are counterbalanced; one carries graduated scale and the 
other marker which moves front the scale and shows the rate 
filtration corresponding the difference level the water the 
two sides. water the lower chamber falls below the center 
the orifice, the water the float chamber is, nevertheless, main- 
tained this level. This accomplished making the lower part 
the tube water-tight, with openings just the desired level, that 
when the water falls below this point the outer chamber does not 
fall the float chamber. 

prevent the loss water the float chamber evaporation, 
from other causes, lead pipe brought from the other chamber and 
supplies driblet water constantly; this overflows through the 
openings, and maintains the water level precisely the desired point. 
The floats thus indicate the difference water level the two sides 
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the orifice whenever the water the lower chamber above the 
center the orifice; otherwise, they indicate the height water the 
upper chamber above the center the orifice, regardless the water 
level the lower chamber. The scale graduated show the rates 
filtration millions gallons per acre filtering area. com- 
puting this scale the area the filters taken 0.7 acre and the 
coefficient discharge 0.61. 

the ordinary rates filtration the errors introduced the 
different conditions under which the orifice operates will rarely 
amount much 100 000 galls. per acre daily, one-thirtieth 
the ordinary rate filtration. Usually they are much less than this. 
The apparatus thus shows directly, and with substantial accuracy, 
the rate filtration under all conditions. 

Measurement Loss Head.—Two other floats with similar con- 
nections show the difference level between the water standing 
the filter and the water the main drain pipe back the gate, 
other words, the frictional resistance the filter, including the 
drains. This commonly called the loss head, and increases from 
0.2 ft. less, with perfectly clean filter, ft. with the filter 
ready for cleaning. When the loss head exceeds ft. the rate 
filtration cannot maintained 000 000 galls. per acre daily with 
the outlet devices provided, and, order maintain the rate, the 
filter must cleaned. 

Adjustment Gauges.—The adjustment the gauges showing the 
rate filtration and loss head extremely simple. When filter 
put service the gates from the lower chamber the pure-water 
reservoir and drain are closed, the outlet the filter 
and both chambers allowed fill the level the water the 
filter. The length the wire carrying the gauge then adjusted, 
that the gauge will make the desired run without hitting either 
end, and then the marker adjusted. both the rate filtration 
and loss head are zero under these conditions, only necessary 
set the markers read zero the gauges adjust them. The 
gates can then opened for regular operation, and the readings 
the gauges will correct. necessary use wires which are 
light, flexible, and which will stretch. first piano wire, No. 
gauge, was used, and was well adapted the purpose, 
except that rusted rapidly. Because the rusting was found 
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necessary substitute another wire, and cold-drawn copper wire, No. 
gauge, was used with fairresults. Stretching less serious 
than would otherwise be, the correctness the adjustment can 
observed and corrected readily every time filter out service. 

From the lower chambers the regulator houses the water flows 
through gates the pipe system leading the pure-water reservoir. 
Drain pipes are also provided which allow the water entirely 
drawn out each filter, should that necessary for any reason, and 
without interfering with the other filters, with the pure-water 
reservoir. 

The outlets the filters are connected pairs, that filtered 
water can used for filling the underdrains and sand the filters 
from below prior starting, thus avoiding the disturbance which 
results from bringing dirty water upon the sand filter not filled 
with water. 

Laboratory Building. scientific control filters regarded 
one the essentials the best results, and provide for this there 
laboratory building one end the central court between the 
filters and close the sedimentation basin, supplied with the neces- 
sary equipment for full bacterial examinations, and also with facilities 
for observing the colors and turbidities raw and filtered waters, and 
for making such chemical examinations may necessary. This 
building also provides comfortable office, darkroom and storage 
room for tools, used the work. 

Pure- Water Reservoir.—A small pure-water reservoir, ft. square, 
and holding about 600 000 galls., provided the filter plant. The 
construction similar that the filters, but the shapes the piers 
and vaulting were changed slightly, there was necessity for the 
ledges about the bottoms the piers and walls; while provision 
made for taking the rain water, falling upon the vaulting above, the 
nearest filters instead allowing enter the reservoir. The floor 
and roof the reservoir are the same levels those the filters. 

Conduit.—The filtered water taken from the pure- 
water reservoir the present pumping station through 913 ft. 
48-in. pipe. For 450 ft. the pipe laid under the Erie Canal, and 
for 837 ft. through Montgomery Street, with average cut ft. 
The pipe not under pressure, and made mild open-hearth steel 
plates, in. thick, rolled the Carnegie Steel Company, Home- 
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stead, Pa. The pipe was made the Carroll-Porter Boiler and Tank 
Company, Pittsburg, and both plates and pipes were inspected 
Stowell Cunningham, Albany. 

Concrete Backing.—Pipe this thickness not stiff enough with- 
stand the earth pressures the deep cut Montgomery Street, with- 
out being badly deformed, and not heavy enough safe from 
the danger floating the canal, should the water removed from 
the pipe for any reason. Concrete was used support the sides the 
pipe the deep cut and weight under the canal. The amount 
concrete required for these purposes was considerable, and the Board 
decided use further amount order surround the pipe entirely. 
This makes concrete pipe with minimum thickness ins. outside 
the steel pipe for practically the whole distance, capable sup- 
porting the earth, and able itself serve conduit even the steel 
pipe should removed entirely, although that case would not 
thoroughly water-tight. For 567 ft. hard clay bottom, the con- 
crete the bottom was omifted, the natural material being probably 
equivalent the concrete. For about 300 ft. the upper end, 
shallow cut and where the pipe readily accessible, the concrete was 
also omitted. 

The hydraulic gradient the pipe 000, and the actual slope 
from the pumping station point where the depth 
limited the bed the canal, the top the pipe being always 
least ft. below the nominal bottom the canal, required the 
canal authorities. then level until near the upper end, outside 
the canal, where rises rapidly the pure-water reservoir. 

passing under the Patroons Creek sewer the canal authorities 
required that the line should leave the canal and pass under the sewer 
one side, returning the canal afterward, the object being 
prevent draining the canal case accident the sewer result 

the work under it. The section out the canal was 230 ft. long, 

and that part under the sewer was done tunnel and below tide 

level, and was accomplished without accident injury the sewer. 
The entire trench under and near the sewer was back-filled with 
concrete. 

Work.—The specifications provided for testing each 

joint the pipe under pressure was laid. Difficulties were found 
carrying this out, and order prevent delay the work, which 
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would have resulted serious embarrassment owing the necessity 
filling the canal May this test was suspended part the 
line. place thereof, the pipe was maintained empty after the canal 
was filled, and all joints were caulked the inside until perfectly 
water-tight, and there was measurable leakage from the canal into 
the pipe. 

Coating.—The pipe was coated dipping asphalt, and, after 
caulking tight the inside, all imperfections the coating, due 
caulking otherwise, were covered with melted asphalt connec- 
tion with Where the spots were not too large the 
asphalt the sides came together when softened the flame and 
covered the spot completely without the addition new material. 
Where the uncovered patches were large this was not possible. The 
place was first heated, then melted asphalt was applied and thoroughly 
heated and melted until incorporated itself with the old asphalt 
the edges. 

The greatest difficulty was experienced repairing breaks the 
coating directly the bottom the pipe; although these were not 
serious, owing the fact that all men who worked therein were 
required wear rubbers, and thus the damage done the coating 
was slight. Repairs were made building dams cotton waste 
each side the defective place and sponging out the water, after 
which the plates could heated naphtha lamp and repaired 
the usual way. 

Air Vents.—There are two considerable depressions the line 
the pipe, one under the Bridge Street drain and one under the Patroons 
Creek sewer. prevent the air from obstructing the flow water, 
the summits either side the Bridge Street drain were connected 
3-in. pipe with expansion joints, going over the top the sewer 
and allowing the air pass the depression without obstruction 
even when the pipe nearly filled with water. 

the Patroons Creek sewer 3-in. pipes are connected with the 
summits each side, going the manholes point above the 
hydraulic gradient the water, and are simply left open the air. 
prevent the entrance dirt, etc., half-turn neck screwed the 
top, and the outlet, facing downward, bushing put in, reduc- 
ing the size the hole, and making impossible put any object 
which would obstruct the pipe. 
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Connections with Quackenbush Street Pumping Station.—At the lower 
end, connection made with the pumping station through rectangular 
brick chamber, where the flow water can controlled 48-in. 
gate. From this chamber the water admitted sluice gates 
each the three wells supplying the Allis pumps, and also the old 
pump well. The entrance water fromthe river was cut off dig- 
ging the old tunnel, and building manhole it, one side 
which was inserted 36-in. flange pipe and standard 36-in. gate. 
The arrangement such cut entrance river water effect- 
emergency. The gateis accessible, and can examined for tightness 
any time shutting off the water from the filters and lowering 
the water the pump wells. Leakage further prevented the 
fact that the water the pump wells normally higher than the 
water the river, and the tendency leakage outward and not 
inward. 

Cement.—In the construction the filters and sedimentation basin 
000 Atlas Portland cement were used. Iron Clad Portland 
cement was used some parts this work, and also exclusively 
the pumping station and the pure-water conduit, 8000 000 
bbls. being used all. Several hundred barrels other brands 
cement were used times when neither Atlas nor Iron Clad could 
obtained promptly. Rosendale cement was used any part 


the filters, nor the lower part the pumping station. the 


superstructure the regulator houses, pump house and laboratory, 
Rosendale cement and lime were used. 

Building the building sand was obtained from the river 
dredging, and was screened and washed machinery. was 
the same general character the filter sand, but had higher uni- 
formity coefficient and was not clean. 

Ballast for Concrete.—Gravel, obtained from the river screening 
and washing, was used for the most part, but broken stone was used 
various parts the work. Sometimes the materials were used 
separately, but often they were mixed. The mixture was most satis- 
factory every way, making stronger and more economical con- 
crete than either gravel broken stone itself. 

concrete for the filters was mixed machinery 
cubical boxes, ft. cube, and the amount mixed was about 1.6 cu. yds. 
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time. The proportions mixing were not fixed the con- 
tract, but were left the discretion the engineer the work pro- 
gressed, and the cement was paid for separately. The usual propor- 
tions mixing were follows: One barrel Portland cement, 
weighing 380 lbs., and nominally assumed occupy 3.8 cu. ft.; 
three times this volume sand, weighing average about 
per cubic foot, and five times this volume gravel ballast, weighing 
about 100 lbs. per cubic foot; and having average 40% voids. 
average for the whole work 1.26 barrels cement were used for 
each cubic yard concrete, allowed the contractors. Actually, the 
volume concrete exceeded slightly the nominal dimensions many 
cases, and the cement reckoned all the concrete would slightly 
less than the above figure. The discrepancies, however, were not 
large. Thegreatest rate placing concrete the filters was about 
cu. yds. per month, and, substantially, this rate was maintained 
for three months. 

placing concrete around, and especially under, the 48-in. steel 
pipe, difficulty was found placing that which was made with broken 
stone. Concrete made from gravel proved much more suitable for this 
purpose, and bent rammer facilitated getting pipe. Be- 
fore the bent rammer was introduced, some difficulty was experienced 
getting the contract sections. Afterward they were gotten easily 
and without trouble. 

Brick Work.—All the brick work, except that the superstruct- 
ures, was vitrified paving brick. The brick was not specified, but 
the specifications required brick absorbing not more than12% water 
weight. The local brick-makers were unwilling take the trouble 
make brick hard enough meet this requirement, and the con- 
tractors decided finally use second-quality paving brick. This 
was larger than ordinary brick, averaging 8.37 3.62 2.75 ins., and 
was necessary change the size the piers the filters from 
ins., the spans the vaulting and floor arches being reduced 
correspond. These changes the contractors were allowed make, 
and, consideration the superior quality the brick, they were 
allowed amount corresponding the increased volume the 
masonry thereby involved, although this masonry was not believed 
necessary for the stability the structures. The bricks were 
regular and uniform shape, and their use resulted very satisfac- 
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tory work. The absorption ranged from 11%, and averaged 
weight. 

The mortar used was uniformly part Portland cement 
parts sand, and few cases, where cracks appeared and the 
masonry was broken, the breaks were through the bricks and not 
through the joints, although the bricks were extremely hard and 
strong. The cement was paid for separately, and about 0.80 barrel per 
cubic yard was used, deduction being made for ordinary loss and 
waste. The greatest quantity brick work laid one month was 
cu. yds. 

Weight Foundations.—The weight the finished concrete was 
about 150 lbs. per cubic foot, determined tests. The brick work 
was computed weigh 135 lbs. per foot. The weight the 
soil filling over the vaulting estimated per cubic foot. 
Each the piers the filters, itself, weighs The total 
weight carried the piers about tons per square foot, with the 
soil nearly dry. When the soil wet, covered with snow and ice, 
the weight increased somewhat. 

the assumption that the inverted concrete arches distribute the 
weight the piers over the whole area the bottom, the weight 
the foundations, masonry and the earth cover, but not in- 
cluding the filtering material, amounts 444 lbs. per square foot, and 
with the filtering material place and with water the nominal flow 
line, this weight increased 304 Ibs. per square foot. 

Assuming the weight the cross walls distributed the 
whole width the monolithic concrete blocks under them, the weight 
the masonry, with the earth above, but without the filter sand 
water, amounts 755 per square foot, and with the sand position 
and water the flow line, 415 per square foot. The excess 
weight under the cross-walls thus amounts 311 Ibs. per square foot 
with the filter empty, and 111 per square foot with everything 
position. 

The foundation was generally stiff clay capable carrying much 
larger loads than the actual ones, but for small part the way shale 
doubtful there any arch action the floor, 
which case the bulk the weight the piers carried small 
area under and near the base, but the arch there, that there 
any tendency settlement any point will come into action and 
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carry the weight. place the underlying clay was soft. Appa- 
rently, was the channel stream, the position which had been 
changed the Erie Canal, and which was now filled with softer mate- 
rial. area was small not make worth while lower 
the general elevation the structures, and extra foundations were 
provided. These were made putting concrete, mixed the pro- 
ordinary foundation under the walls, and blocks the same material, 
ft. square, from the hard bottom under each pier. These special 
foundations were put first, the rest the material graded the 
level, and then the floors put usual. these cases the 
solid foundations are rather more than ton the square 
foot. 

The strains the concrete vaulting, considered arches, are not 
heavy, but are somewhat difficult computation. appeared prob- 
able, after the centers were struck, that the vaulting did not act 
arches but cantilevers. was put squares, each 
square having pier for center, and the blocks were apparently strong 
enough carry the loads upon them without coming arch action 
all. Computed cantilevers, tensile strain 150 per square 
inch sufficient maintain the loads they exist, and the strength 
the concrete certainly beyond this figure. 

With cold weather, some the joints the concrete vaulting opened 
slightly, indicating the absence arch action, but cracks the 
blocks have been observed any point. 

Cracks Walls.—The outside walls the filters are monolithic 
concrete, with 8-in. brick lining. The cross-walls are brick. 
Neither have expansion joints any kind. With cold weather, 
December, 1898, cracks were discovered each the cross-walls 
the north half the filter plant which was then completed. One crack 


was found each wall, and each case approximately the middle 


the wall. During the winter these cracks opened from in. 
There are also certain number cracks the outside walls, all 
the outside walls where they join the regulator houses. The regulator 
houses were built first, and the concrete was placed against the brick 
work afterward, the surface the brick being left irregular. The 
brick lining was bonded in, but its 8-in. thickness was not sufficient 
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withstand any heavy strain. The walls pulled away from the regulator 
houses these points eight cases, breaking the brick work, although 
there was evidence settlement. The cracks are absolutely with- 
out significance, the clay filling the outside quite water-tight. 
The cracks the outside walls are also unimportant, for the same 
reason. Where the outside walls cracked, the crack went approxi- 
mately straight line from top bottom through both brick and 
concrete, without following any joints the concrete wall. 

The cracks the cross-walls were more importance, for 
possible that unfiltered water might enter them above the sand and 
follow down through them and enter the gravel and underdrains 
below without filtration. This action might all take place one 
side, the water might enter the wall above one side and leave 
below the other. This was rendered more likely, the floors 
cracked the same places and drew apart slightly, and was actually 
found that, when the water was one side the wall only, passed 
through the crack and through the floor the other side, some 
distance away from the wall. cut this off, hole was cut the 
concrete near the wall, rather more than ft. long and ins. wide, 
with the ends widened shown Fig. 13. The concrete this point 
was about ft. thick. steel plate in. thick and ft. square was 
placed the middle this hole, and driven down until its top was 
flush with the top the concrete. thus projected about ft. into 
the clay below, and the material was then hard that the plate had 
severely pounded get into position. The hole was then filled 
with concrete. The steel plate serve expansion joint. 
the crack opens further the future, the concrete block will break 
again, approximately the same place the original crack, and will 
slip the steel plate, the plate remaining across the crack shut off 
any possible communication. Any water coming through the wall must 
thus come the surface the floor before reaching the plate, and, 
prevent from getting into the underdrains, the gravel kept back 
for ft. this point, and the sand comes directly the floor. The 
water leaving the crack must then pass through least ft. 
sand before reaches the underdrains. This will insure, first, 
tolerably good purification such water; and second, the water 
dirty, gradual clogging and diminishing the carrying power 
the sand this point and the final stopping the leak. any 
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event, will impossible for impure water reach the under- 
drains. The upper parts the cracks, which were comparatively 
unimportant, and were accessible all times, were caulked with 
oakum prevent the passage water above the sand. 

These cracks appear clean temperature cracks, with hardly 
any evidence settlement. The strength the wall such that, 
with one end free, with the temperature changes, would pull 
shove the wall over the clay without causing other cracks. The only 
cause further cracks would settlement, and this not regarded 
probable. provide against it, however, possible con- 
tingency, and also prevent the possibility water passing down 
between the walls and the sand, the gravel kept ft. away from the 
walls all the way around, that case cracks occur any points and 
water passes through them, will have pass through ft. sand. 
With one crack each wall, which virtually expansion joint, 
not regarded probable other cracks will occur which will 
result any openings the floor. 

Six cracks were caused the frost January and February, 1899. 
The south part the filters was left uncompleted condition, 
and, with severe weather, the frost raised the walls some places 
much 0.2 ft. With warmer weather the walls went back 
their proper levels, but the cracks did not close entirely, and some 
the brickwork was taken down, while other cracks were caulked 
with cement. 

Without counting the slight openings the corners the regu- 
lator chambers, where the concrete met the brickwork, nor the six 
caused lifting from frost, there were twelve cracks the 
whole the work, and, the total length wall was 753 ft., there 
was, average, about one crack each 400 ft. wall. 

Contractors’ Plant.—The contractors for the filters and sedimenta- 
tion basin installed very elaborate overhead cable-carrier system for 
the transportation materials all parts the work. This con- 
sisted two trestles 730 ft. apart and over 900 ft. long, between 
which stretched four cables, each capable carrying load tons, 
height above all the structures the ground, except the office 
and regulator houses. These cables were attached carriages which 
ran the tops the trestles, and power was conveyed 
both ends system rope drives, that the cables could 
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moved one direction while the travelers upon the cables were moved 
another direction right angles it. The trestles for the con- 
tractors’ plant are shown Figs. and Plate and Fig. 
Plate XI, and also some the other views. Fig. Plate XI, also 
shows skip for carrying concrete, with the carriage upon cable. 
The installation this apparatus required much longer than was 
anticipated, and delayed the completion the work very much. 

The system was extremely convenient, but its carrying capacity was 
less than was anticipated, particularly when motion both directions 
was required. was found better after while use the carriers, 
rule, one direction only, and double-track railroad was built near 
one the trestles, which passed the concrete mixer and the gravel 
screens. Skips were moved this railroad trucks, received the 
concrete and gravel and ran points opposite the places where the 
materials were used. The skips were then lifted from the trucks 
the carrier system and carried the required places. this way 
the lateral motion the carriers was used only occasionally, the 
point which work was being done changed. The work was 


arranged that concrete gravel was delivered substantially the 
same line one time. 


The various filters have effective filtering areas from 0.702 
0.704 acre, depending upon slight differences the thickness the 
walls different places. For the purpose computation, the area 
each filter taken 0.7 acre. The nominal rate filtration taken 
000 000 galls. per acre daily, which rate each filter will yield 
100 000 galls. daily, and, with one filter out use for the purpose 
being cleaned, seven filters normally use will yield 700 000 galls. 
The entrances and outlets are all made sufficient size, that rates 
50% greater than the foregoing are possible. The capacities the 
intake, pumping station and piping are such tosupply any quantity 
water which the filters can take, extreme maximum 
000 000 galls. The pure-water conduit from the filters 
Quackenbush Street nominally rated 000 000 galls. per 
hours, after has become old and somewhat tuberculated. its 
present excellent condition will carry larger quantity. 

the pumping station Quackenbush Street there are three Allis 
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pumps, each capable pumping 000 000 galls. per hours. 
addition the above there are the old reserve pumps with nominal 
capacity 000 000 galls. per hours, which can used 
sary, but which require much coal that they are seldom used. For 
practical purposes the galls. represents the pumping 
capacity this station and also the capacity the filters, but the ar- 
rangements are such that case emergency the supply can 
increased 000 000 even 000 000 galls. for short time. 
MECHANICAL COMPOSITION FILTER SAND AND GRAVELS. 


(ARROWS SHOW REQUIREMENT OF SPECIFICATION) 


Percentages Weight 


0.5 
0.4 
0.02 0.05 a 0.20 IIT} 1.0 2.0 3.0 4.05.0 10 20 30 405060 
Diameters in Millimeters 


The water pumped through rising mains reservoirs holding 
000 000 galls., not including the Tivoli low-service reservoir, which 
usually supplied from gravity sources. The reservoir capacity 
such that the pumping can suspended Quackenbush Street for 
considerable periods necessary, and practice has been suspended 
certain times, especially Sundays. The amount water required 
also somewhat irregular. The drainage areas supplying the gravity 
reservoirs are much larger, relatively, than the reservoirs, and flood 
periods the volume the gravity supply much greater than that 
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which can drawn dry weather. Thus happens that, certain 
seasons the year, the amount water pumped but fraction 
the nominal capacity the pumps, and times possible 
shut the pumps down for greater lengths time. 

Capacity Pure-Water Reservoir.—The storage capacity provided 
between the filters and the Quackenbush Street pumps compara- 
tively small, namely, 600 000 galls., one hour’s supply the full 
nominal rate. larger basin, holding much one-third one- 
half day’s supply, would many respects desirable this 
position, but the conditions were such make practically im- 
possible. The bottom the reservoir could not put lower without 
deepening and increasing greatly the expense the conduit line. 
the other hand, the line the reservoir could not raised with- 
out raising the level the filters, which was hardly possible upon the 
site selected. The available depth the reservoir was thus limited 
between very narrow bounds, and secure large capacity would 
have necessitated very large area, and consequently great expense. 
Under these circumstances, and especially view the abundant 
storage capacity for filtered water the distributing reservoirs, was 
not deemed necessary provide large storage, and only much 
was provided would allowthe pumps started the convenience 
the engineer, and give reasonable length time for the filters 
brought into operation. For this, the pure-water reservoir ample, 
but not enough balance any continued fluctuations the rate 
pumping. 

Method Regulating and Changing the Rate Filtration.—With all 
the Allis pumps running their nominal capacity, the quantity 
water required will just about equal the nominal capacity the filters. 
When only one two pumps are running, the rate filtration can 
reduced. With the plant operating its full capacity, the water 
level the pure-water reservoir will below the level thestandard 
orifices the filter outlets. When the rate pumping reduced, 
change made the gates controlling the filter outlets, the water 
will gradually rise the pure-water reservoir and the various 
regulator chambers, and will submerge the orifices and gradually 
reduce the head the filters, and consequently the rates filtration, 
until those rates equal the quantity pumped. case the pumping 
stopped altogether, the filters will keep delivering gradually 
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reduced rates until the water level the pure-water reservoir reaches 
that the water the filters. 

When the pumps are started up, after such stoppage reduced 
rate pumping, the water levels the pure-water reservoir and 
the gate chambers will lowered gradually, and the filters will start 
operate first with extremely low rates which will increase 
gradually until the water depressed below the orifices, when they 
will again reach the rates which they were last set. The regulators 
during all this time will show the rate filtration each filter, and, 
any inequalities occur which demand correction, the gates the 
various outlets can adjusted accordingly. 

The arrangement, this respect, combines some the features 
the English and German plants. the English plants the filters are 
usually connected directly with the clear-water basin, and that turn 
with the pumps, and the speed filtration required respond 
the speed the pumps, increasing and decreasing with it, being 
regulated all times the height water the pure-water reservoir. 
This arrangement has been subject severe criticism, because the 
rate filtration fluctuates with the consumption, and especially 
because the rates filtration obtained simultaneously different 
filters may different. There was way determine what rate 
any individual filter was working, and there was always tendency for 
freshly scraped filter operate much more rapidly than those which 
had not been scraped for some time. 

This led the procedure, first formulated the Commission 
German Water-Works Engineers 1894, and provided for most 
the German works built remodeled since that time, providing 
pure-water storage sufficient amount make the rate filtration 
entirely independent the operation the pumps. filter was 
controlled itself, independent the others, and deliver its 
water into pure-water reservoir lower than itself, that could 
never affected back-water, and large that there would never 
demand for sudden changes the rate filtration. 

This procedure has given excellent results the German works; 
but leads oftentimes expensive construction. involves, the 
much greater loss head passing through the 
works, because the pure-water reservoir must lower than the 
filters, and the cost the pure-water reservoir increased greatly 
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because its large size. The regulation the filters put upon 
the attendants entirely, upon automatic devices, and regulation 
what known responding the pumps” eliminated. 

More recently, the German authorities have shown less disposition 
insist rigidly upon the principles advanced 1894. compila- 
tion the results several years’ experience with German water 
filters, Dr. Pannwiz,* makes statement particular interest, 
which free translation follows: 

the German works have sufficient pure-water reservoir 
capacity balance the normal fluctuations consumption, that 
the rate filtration least independent the hourly fluctuations 
consumption. especial importance the superficial the 
pure-water reservoir. sufficiently large there objection 
allowing the water level rise that the water upon the 
filters. With very low rates consumption during the night the 
filters may work slowly and even stop, without damage the sediment 
layers when the stopping and starting take place slowly and regularly, 
because the ample reservoir area. 

very considerable fluctuations from day day, especially 
those arising from unusual and unforeseen occurrences, are not pro- 
vided for entirely even very large and well-arranged reservoirs. 
provide for these without causing shock, the rate filtration must 
changed carefully and gradually, and the first essential success 
good regulation apparatus.” 

Responding the pumps has great deal recommend it. 
allows the pure-water reservoir put the highest possible level, 
reduces minimum the loss head the plant, and yet provides 
automatically, and without the slightest trouble the part the 
attendants, for the delivery the required quantity water the 
filters the filters are connected directly the 


there tendency for the pulsations the pumps disturb their 


operation, which highly objectionable, even the pumps are far 
removed; and this exists where filters are connected directly the 
pumps, and pure-water reservoir attached them indirectly. 
taking all the water through the pure-water reservoir and having 
connection except through it, this condition absolutely avoided, 
and the pull the filters all times perfectly steady. 

Much has been said the effect variation the rate 
filtration upon the efficiency filters. Experiments have been made 
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Lawrence and elsewhere which have shown that, long the 
maximum rate does not exceed proper one, and under reasonable 
regulations, and with the filter all respects good order, marked 
decrease efficiency results from moderate fluctuationsin rate. There 
probably greater decrease efficiency stopping the filter alto- 
gether, especially done suddenly, than simply the 
rate. The former sometimes results loosening air bubbles the 
sand, which rise tothe surface and cause disturbances, but this not 
often caused simple change rate. 

the whole, there little evidence show that, within reason- 
able limits, fluctuations rate are objectionable, should 
excluded entirely, especially such cases Albany, where 
arrangements prevent them would have resulted very greatly 
increased first cost. The inferior results sometimes obtained with the 
system ‘‘responding the pumps” existed earlier works, 
and still exists many important places, undoubtedly arises from the 
fact that there means knowing and controlling the simulta- 
neous rate filtration different filters, and that one filter may 
filtering two three times fast another, with nothing 
indicate it. 

This contingency fully provided for the Albany plant. The 
orifices are such size that even with filter just scraped and put 
service, with the minimum loss head, with the outlet gate wide 
open, and with the water level the pure-water reservoir clear down; 
that is, with the most unfavorable conditions which could possibly 
exist, the rate filtration cannot exceed 000 000 000 000 galls. 
per acre daily, double the nominal rate. This rate, while much 
too high for filter which has just been cleaned, not nearly high 


was possible, and fact actually occurred the old Stralau 


ters Berlin, and many English works; and, further, such condi- 
tion could only occur through the gross negligence the attendants, 
because the rate filtration indicated clearly all times the 
gauges. These regulating devices have been specially designed 
show the rate with unmistakable clearness, that attendant, how- 
ever stupid, can make error incorrect computation from the 
gauge heights. believed that the advantage clearness this 
procedure much more important than any increased accuracy 
which might secured refinements the method computation, 


7 
q 
* 


Papers. HAZEN ALBANY FILTRATION PLANT. 797 


which should take into account variations the value the coeffi- 
cient discharge, but which would render direct readings impossible. 

designing the Albany plant the object has been combine the 
best features German regulation with the economical and conven- 
ient features the older English system, and filters are allowed 
respond the pumps within certain limits, while guarding against 
the dangers ordinarily incident thereto. 


RESULTS OPERATION. 


The filters were designed remove from the water the bacteria 
which cause disease. They have already reached bacterial efficiency 
over 99%, and expected that their use will result 
reduction the death rate from water-borne diseases the city. 
They also remove part the color and all the suspended matters 
and turbidity, that the water satisfactory its physical 
properties. 

The filters have reached, with perfect ease, their rated capacity, 
and several occasions have been operated deliver one-third more 
than this amount; that say, 000 galls. per acre, 
daily. 

The filters are operated George Bailey, Am. Soc. E., 
Superintendent the Albany Water-Works, whom the writer hopes 


will present further particulars concerning the cost and results 
operation. 


Cost CONSTRUCTION. 


The cost the filtration plant complete shown Table No. 
some the accounts are not yet closed, few the items, 
designated stars (*) are estimated, and are subject slight change 
with the closing all the accounts. 


The filters, sedimentation basin and pure-water reservoir are con- 


nected such way make exact separation their costs 
impossible but, approximately, the sedimentation basin cost $60 000, 
the pure-water reservoir 000, and the filters $255,000. The sedi- 
mentation basin thus cost $4100 per million gallons capacity and 
the filters complete, including all piping, cost $45 600 per acre net 
filtering area, exclusive land and engineering. 
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Pumping 


Pumping machinery, boilers, 


Pump well, gates, screens and foundations......... 
Pumping station building................ 167.00 


1 540.00 


Extra work and minor items 


Filters, Sedimentation Basin and Pure-Water Reservoir 
Preliminary draining 956.71 
040 cu. yds. rolled clay and gravel embankment, 340.80 
000 cu. yds. general filling rolled, $0.18...... 
cu. yds. gravel for lining, $0.85 
sq. yds split stone lining, $0.82 850.74 
792 cu. yds. concrete vaulting, $3.85 
281 cu, yds. filter gravel, $1.05 
100 cu. yds. filter sand, $1.00..... 100.00* 
Cast-iron pipes and specials, placed, placing 


Vitrified pipe, complete 
672 filter manbole covers, 2956.80 
regulator houses, $862.24 6897.92 
office and laboratory 
Extra work and all minor 
823 960.40* 
Conduit and Connections with Quackenbush Street Pumping Station 
918 ft. 48-in. steel pipe, 
218 cu. yds. excavation (average) $0.855 
144 cu. yds. concrete, $5.00 
Gates and connections with pumping station. 
Sewer and railroad sheeting, and all other 


Engineering, inspection, printing, 000.00* 


The preliminary estimate cost submitted the Board, February 


8th, 1897, amounted $478 000. The work will actually cost, 
round numbers, $20 000, more than the preliminary estimate. 
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The preliminary estimate, and the actual costs more important 


Preliminary 
estimate, Approximate 
Feb. 1897. actual cost. 
Pumping station and 000 745 
Filters and sedimentation basin, 
327 000 323 960 


Pure-water conduit and connection, 
with Quackenbush Street 


pumping station............. 000 638 
Engineering and contingencies.... 000 000 
$478 000 $496 633 


The excess the cost the pumping station and conduit line. 
The cost the conduit line was increased surrounding with 
concrete, which was not included the preliminary estimate, and 
also certain changes the required the canal authori- 
ties. The pumping station also was made more elaborate and 
expensive than was contemplated the preliminary estimate. Other- 
wise the work was executed substantially first planned. 
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INSUFFICIENT PROVISION FOR 
STRESSES RAILROAD BRIDGES. 


Discussion.* 


Mr.Kunz. F.C. Kunz, Am. Soc. (by letter).—The fact that the 
counters are the weakest members bridge justly claimed one 
the reasons for the preference those specifications which, con- 
trary the fatigue formulas, assume constant unit stress and add 
the live load certain percentage for the effect impact. This 
percentage varies inversely with the loaded length, and is, therefore, 
greater for the counters than for the main diagonals, and greater for 
the latter than for the chords. The result that the counters are 
comparatively heavier than the. other members the truss, and are 
sometimes necessitated panels which the fatigue formulas would 
not call for their use. evident that portion this percentage 
for impact can considered increase the live load itself, 
long reduce the impact, for instance, reducing the velocity 
the live load, thus bringing the latter nearer static loading. The 
result would be, however, that the different members the bridge 
would subjected different unit stresses. This allowable for 
small variation the live load, but, the last few years, the increase 
the weight the rolling load has been extraordinary, the follow- 
ing figures will show. the beginning this decade great number 
bridges were service which were designed originally for live 
load consisting two engines tons each, followed cars 
weighing tons each, while the new Specifications that time called 

Continued from October, 1899, Proceedings. 
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for live load consisting 100-ton engines and cars tons. Mr. Kunz. 


the present time, most railroads specify engines weighing 120 
175 tons (Lehigh Valley Mountain Engine) and cars weighing 
tons, and more, and there indication that the limit has been 
reached. 

1895, when the Pencoyd Iron Works were building great number 
bridges for the Missouri, Kansas and Texas Railway, they allowed 
their designs—‘‘ Pencoyd future increase the 
live load the following manner: 

The unit stress the Pencoyd Specifications for soft steel 000 
lbs. per square inch, but there reason why the material could not 
stressed two-thirds the elastic limit, per square 
inch necessary. was determined what increase live load, con- 
sidering the impact, corresponded allowable unit stress 000 
per square inch the chords. This increase depends, course, 
the ratio the dead load the sum the live load and the per- 
centage for impact, and minimum when the dead load 
which case per cent. The chords were selected because 
their considerable weight, amounting about one-half the whole 
truss, and because they are, all the truss members, affected the 
least increase the live load, since the ratio the approxi- 
mately constant dead-load stress the stress caused the varying 
live load the greatest. For ordinary plate-girders the allowable 
increase was found 38%; for 100-ft. lattice girder, 40%; 
for 150-ft. pin bridge, and for 250-ft. pin bridge, per cent. 
average, 42% was assumed, and, with live load increased 
this amount, with the corresponding percentage for impact and unit 
stress 000 per square inch, the web members and the floor 
were proportioned. This, course, exact only when the wheel 
spacing and the ratio the wheel loads would remain the same. 

The resulting increase sections was comparatively small, and, 
rule, affected only the diagonals and counters, the floor and the con- 
nections, and some cases necessitated the use extra counters. For 
the details, unit stresses increased one-third over their amount 
otherwise allowed have been used. 

The Pennsylvania Railroad Specifications 1897 contain similar 
clause; itallows for 100% increase live load and unit stress 
000 per square inch, respectively, twice the unit stress other- 
wise allowed. 

interesting note that Europe, although specifications 
using percentage the live load for impact which varies with the 
loaded length have been proposed (by Professor Melan, 1893), they 
have not been officially recognized yet; some the railroads using 
more less changed Launhardt-Weyrauch formula (France, Switzer- 
land and part Germany), others using higher unit stress for longer 
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spans than for shorter ones, but making distinction between differ- 
ent members between dead live-load stresses (Prussia, Austria, 
Russia), and, again, others increasing the live-load 50%, irre- 
spective truss member length span (Prussia, Bavaria, 
The most elaborate instructions concerning the proportioning diag- 
onals have been given circular July 1899, the Prussian 
Minister Public Works: 

First, where diagonals capable tension only are used, provide 
counters every panel which live-load increased 50% reverses 
the stress the main diagonal, the section well the number 
connecting rivets all the counters made the same for the 
counters for the middle panel panels. The counters are put 
place after the bridge swung, the holes for the connecting rivets 
initial tension. 

Second, when stiff diagonals are used the counter stresses have 
determined with the original live load (without any increase), but, 
proportioning the diagonals, the stresses which can reversed, 
use throughout the counter stress the diagonals the middle panel 
panels, assuming only one diagonal acting. 


Ira Am. Soc. (by submitting the fol- 
lowing, the writer has the feeling that possibly too elementary 
and too nearly self-evident warrant its presentation this place. 
since treatise bridges, which known the writer, 
even mentions the matter, and since two computers two the best 
the smaller bridge manufacturers certainly not know the 
method, will briefly stated. The writer has used this method 
his class-room for over twenty years. 

finding the stresses the web members bridge, due 
uniform load, apparently the custom use the same load, 
whatever the proportion the span covered, regardless the fact 
that the equivalent uniform-load corresponding the ordinary train 
increases the length load considered decreases. For example, 
assume that proposed find the web stresses six-panel, 120- 
ft. span, due toa given engine and train. The equivalent uniform 
load for 120 ft., according standard diagram, per 
lineal foot track; and this the load used finding the 
stress the inclined end post. produce maximum the tie 
the panel next the end, the load should cover four panels, 
ft. The equivalent uniform-load for ft. Ibs. per foot, 
and this load should used finding the stress the tie the 
second panel. Similarly, the ioad for the third panel 050 Ibs. per 
foot, and for the fourth panel 670 lbs. per foot. 

the writer his belief that the above method not 
generally used, then when the maximum web stresses are computed 
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using equivalent uniform-load, they are generally less than the Mr. 


actual stresses, and the difference greater the counterstresses 
than the main stresses. 


Henry Am. Soc. (by writer mr. Prichard. 


does not share Mr. Seaman’s belief that intimate connection exists 
between insufficient provision for counterstresses and the use wheel 
concentrations designing bridges. any rate there nothing 
prevent those who prefer the use wheel concentration from having 
sound judgment regarding the proper provision for counterstresses. 
may that the present loads will not greatly increased the future, 
but the author cannot agree with Mr. Seaman that there seems 
possibility doubling the loads for which the heaviest bridges are 
now designed. any time during the past years there have been 
those who thought that the increase loading had reached its limit. 
the limit has now certainly been reached, then the provision pro- 
posed for counterstresses would probably greater than necessary, 
but also would the provision generally made for all the other 
stresses. 

Professor Jacoby points out, increase 100% the live-load 
stresses, besides the addition for impact, not simply provide for 
the gradual future increase loads. reality factor safety 
against any contingency which the effect the load counter- 
stresses greater than would anticipated from the normal loading. 
The author would not consider wise make this factor safety 
low 42%, Mr. Kunz stated was done the cases cites 
bridges for the Missouri, Kansas and Texas Railway. If, those 
bridges, the effect the load was, from any cause, slightly more than 
42% excess what would anticipated from the normal load, 
then, regards all stresses other than counterstresses, the effect 
would simply increase the stresses slightly over 000 Ibs. 
per square inch; but, for counterstresses, the effect might put 
counterstresses where provision whatever has been made for them. 

The writer prefers the provision cited Mr. Kunz given the 
Pennsylvania Railroad Specifications 1895. This provision, which 
consists doubling both the live load and the allowed unit stress, 
was made the writer’s suggestion, after preliminary draft the 
specifications had been submitted him for criticism. 

Mr. Kunz’s synopsis European practice interesting, but the 
instructions the Prussian Minister, which refers, seem 
more complicated than scientific. 

The influence the wind reversing stresses should considered, 
stated Professor Jacoby, but, the maximum wind pressure, 
combination with the other conditions which tend reverse stresses, 
does not occur frequently, would seem justifiable, providing 
for its influence, use high unit stresses. 
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Professor Baker has shown conclusively that bridge designed for 
uniform load will have less provision for web stresses general 
and counterstresses particular, comparison with the provision 
for chord stresses, than would have were designed for the usual 
engine and train load. While having connection with the subject 
under discussion, may remarked, incidentally, that Professor 
Baker’s analysis also indicates the difficult nature the problem 
which confronts those who are striving find some simple substitute 
for the method determining stresses from the engine wheel concen- 
trations. Any one whois expert inthe usejof the moment diagram will 
find that for ordinary cases takes less time and trouble use the 
method wheel concentrations than would use equivalent 
uniform load different equivalent had determined for each 
different position the load. 
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Discussion.* 


and Lewis 


tates discuss this paper for the reason that deals with un- 
completed work, which exceptional, the theory upon which 
based, that the paper describing seems prematurely 
issued and unsatisfactory for discussion. 

The writer desired sincerely that the means should furnished 
complete the work according the plans its designers, order 
that might demonstrated whether the peculiar theory upon which 
they are basad correct; for the cost will only about one-third 
the usual cost obtaining deep water over sea bars. 

The author, however, has had the boldness attack the methods 
generally adopted hitherto, and has advanced certain theories and 
made certain claims for them, and doing has necessarily criti- 
cised plans based other and opposed theories. is, therefore, 
necessary consider the paper carefully, which, however, the present 


*This discussion (of the Lewis Haupt, Am. Soc. E., printed 
Proceedings for September, 189 printed Proceedings order that the views ex- 
pressed may brought before all members the Society for further discussion. (See 
rules for publication, Proceedings, Vol. xxv 


Communications this subject prior December 22d, 1899, will pub- 
lished the next volume Transactions. 
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Mr. Corthell. engagements the writer not permit him do; can only 


hastily give résumé the subject. 

The terms used and the words coined the author are not entirely 
understood the writer, and may not correct translating 
them into common language. 

not quite clear what the word means, such 
expression this, curved form the breakwater such 
develop the potential energy the ebb currents, rendering them 
kinetic.” easily understood that current impinging against 
the concave bank river scours out the bed near the bank, but 
just how this can exist the case convex bank not easy 
understand; for must remembered that one the essential 
features this work its ‘‘compound and reverse 
curve.” 

might expected river that current passing from one 
bank another concave bank, the case the Aransas 
channel, would necessarily make what river men call 
and that this crossing, reversion point the current, there 
would slackening the velocity and deposit sediment. 
There seems such action going Aransas and 
this reversion, which doubt will always exist and will give 
limited depth that point unless deepened artificially. 

The entirely new idea that ‘‘it not velocity that con- 
stitutes the working force produce scour, but reaction entirely 
opposed all accepted and harbor engineers and their 
experience, that difficult understand. 

The writer, the course the last years, has had occasion, 
not only build works, but examine many personally, not only 
this, but other countries, well conduct extensive 
correspondence with engineers engaged similar works, and 
must say that the views the author are not, believes, accord 
with successful practice. The writer will not say thata single-legged, 
worm jetty would not, some situations, obtain the desired results, 
but adopt general principle is, believes, unsound. 

The author refers, for confirmation his views, the Dublin 
harbor works, which the writer has examined, but has found entirely 
different conditions and plans from those Aransas that does 
not see the force the comparison. The tidal opening the land 
end the North Wall Dublin only 600 ft. long, and the dike itself 
9000 ft. long. The tidesin Dublin Bay not only rise ft. against 
little over ft. Aransas, but this great range tide—which, 
the way, semi-daily, instead daily, Aransas—and the local 
configuration the shores cause peculiar and opposing currents, which 
this opening and the direction and extent the North Wall” took 
advantage of; and—which constitutes the greatest difference—there 
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solid wall 000 ft. long the opposite side the channel con- Mr. Corthell. 


nected with the main land, all above water. 

noted, further, that the channel, formed successfully 
scouring action through the bar, the narrowest place between the 
two jetties, and that where the North flares away from the 
Wall” and leaves very wide opening, the entire distance has 
dredged continually make and maintain the depth. fact, 
from the bridge Carlisle Street, the port, within 000 ft. the 
sea end the Wall,” which the guiding and longest jetty, 
the improvement the channel due solely dredging, the effect 
the scour being inappreciable. 

One purpose the Aransas breakwater arrest the littoral 
the channel. The author presents data show that the wind- 
ward” side the north and east side. The writer’s recollection 
that the preponderance winds from the south and west, and 
that the winds and the currents are the coast during most the 
year. However, that matter fact ascertained from the 
anemometer records Aransas Galveston. currents the 
Gulf Mexico, the writer believes the following generally the 
conditions: 

The current enters through the Yucatan Channel, and goes out 
through the Florida Channel—so far, least, surface currents are 
concerned. The former moves the coast, hugging the Bay 
Campeachy, past the mouth the Coatzacoalcos River Isthmus 
Tehuantepec, past Vera Cruz, and then begins spread out into 
the great area the Gulf. Nearing the mouth the Mississippi, 
but still some distance off, gathers itself together for its passage 
through the Florida Straits, its velocity gradually becoming greater. 
All along this part the coast there reactionary eddy current 
which moves the opposite direction, and which felt far west 
Galveston and the mouth the Brazos, though with much diminished 


Aransas there appearance the Gulf Stream for 


probably 150 miles off shore; is-opposite the widest expansion and 
the slackest current the Gulf Stream. The winds cause the currents, 
and but little reliance can placed the westward drift. For this 
reason the opening which left between the jetty and the land 
only theoretical advantage, and the writer believes positive, 
practical disadvantage. This was his contention reference the 


old plans Galveston, and, lesson from these works, the follow- 
ing abstracted from his paper the South Pass Jetties:* 

The flood volume the river, and the full volume the tides, are 
the powers which the engineer should call his aid. Lateral outlets 
near the land should not provided. Ostensibly, they are for the 
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Mr. Corthell. purpose letting the tides into the bays, but through them the 


ebb that they seek find the lower level the sea, instead taking 
the longer and more difficult course along the inside the works, 
where there pronounced frictional resistance current move- 
ment. 

This important feature harbor improvement was explained 
clearly the late James Eads, Am. E., his discussion 
the writer’s paper that will useful refer order set 
ourselves right this point. 

The writer has made special study most the river mouthsand 
harbor entrances the North, Baltic and Zuyder Seas—there are over 
them—and knows instance where there are not two 
jetties contracting the channel-way and concentrating the fluvial 
tidal flow. These parallel jetties are not always equal length, but 
there are always two them; and while the nearly tideless seas 
the Baltic andthe Zuyder Zee dredging has done tosome extent, 
there doubt whatever that the two jetties are the cause the suc- 
cessful maintenance the deep channels which have been maintained 
there for many years, the depths which are gradually increased 
accommodate the increasing drafts vessels. 

Further, before quoting Mr. Eads’ discussion, the writer desires 
state some facts, reference the Tampico harbor works, which may 
least furnish remarkable proof the correctness Mr. Eads’ views, 
expressed seven years before their occurrence. The details the 
history the Tampico works will found the Proceedings the 
Civil Engineers.* 

The Pinuco River, which flows into the Gulf Mexico Tampico, 
one the largest Mexico. The area its water-shed about 
000 square miles. The periodicity its floods very variable. 
Sometimes there period years between them. The works 
the mouth the river consist two parallel rectilinear jetties, 1000 
ft. between center lines. They are built rough stone, with founda- 
tion and hearting mattress work. The depth the bar about one 
mile from the shore was about ft. 

The works were pushed completion with great rapidity. They 
were completed December, 1892. Two three small rises, and the 
tidal flow had deepened the channel about ft. 

July, 1893, heavy rise came. found its usual outlet 
partially the sides and bar between. raised 
the surface the water least ft. Tampico, miles from the 
Gulf; but the force brought play upon the bar was tremendous. 
Slope observations made during the rise—which lasted from July 12th 
August that the fall the surface the sea end 
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the jetties varied from about 0.5 2.75 ft. per mile. 
was over miles per hour. The total amount material scoured out 
the bar and discharged into the sea that flood was 201 985 
cu. yds., addition about 500 000 cu. yds. suspended matter. 
The upon this bar these forces consisted simply 
moving great volume water down steep slope; acted 
vigorously upon the bed the stream and swept out sea. 
Another great flood, 1895, accomplished the same results, but it, 
finding deep channel, spent its force widening and deepening 
the entire distance between Tampico and the mouth the river, and 
restoring the sections which had become contracted there the 


deposit sediment the floods which had occurred during the 
construction the works. 


With these facts—and similar ones from other works might 
mentioned—let the reasons for such satisfactory results, given 
discussing the writer’s paper the South Pass Jetties and the 
Galveston harbor plans, stated Mr. Eads:* 


System 


known all engineers familiar with harbor improvements, 
that the jetty system method deepening and maintaining 
channel across shoal such works shall compel the water flowing 
over the shoal pass through narrower channel; but, this paper 
will read some who are not familiar with harbor improvements, 


will pardoned for stating the following elementary principles 
which control such problems: 


First.—A current caused the fall water from higher 
lower level, which fall indicated the slope inclination the 
surface the water. 

Second.—Friction the bed over which the water flows the 
chief force opposed the current. 

Third.—The velocity the current will increased either 
increasing the slope surface increasing the volume, les- 
sening the friction. 

Fourth.—The friction increases the width the bed increases; 
that say, the bed the channel twice wide, the friction 
will doubled; ifits width reduced one-half, the friction will 
reduced one-half. 


Fifth.—The power water transport sand increases with the 
square the velocity. 

every grain sand that lies upon the shoal brought the 
current and left there, because could take further, follows 
that cannot hope deepen the channel, except increasing the 
current. This can done three ways, but this case impos- 
sible first, except increasing the slope surface. After 
the current increased, deepening commences, and the contracted 
channel enlarges, the slope gradually reduced its former inclina- 
tion. When this occurs the old rate current would return, but the 
other two elements, namely, increase volume and diminished friction, 


Transactions, Am. Soc. E., Vol. xv, 284, seq. 


The velocity Mr. Corthell. 
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Mr. Corthell. then continue the abnormal acceleration. the deepening goes 


reduction slope follows, and this finally reduces the velocity much 
that deepening ceases. The slope results from the difference the 
heights the water the Bay and the Gulf. facilitate the flow 
from one the other, leaving openings through the jetties, tends 
keep these heights nearer alike and the resulting slope between them 


must then not greater. This precisely what not want 
at first. * * * * * * * 


THROUGH THE JETTIES. 


the reader may not once perceive the mistake leaving these 
openings facilitate the flow into the bay, will explain that, 
state nature, the immense frictional surface over which the flood 
water has pass filling the bay retards much, that the tidal 
rise the Bay Galveston probably 10% less than outside 
the bar. the other hand, the discharge the ebb retarded 
the same cause, making the total rise and fall just inside the harbor 
probably 20% less than the same depth outside the bar. 

The bottom the channel composed separate grains sand, 
without the slightest cohesion bond. They were brought here 
currents and left, because those currents, from some cause other, 
became too feeble carry Now, the reader must remem- 
ber, first, that current depends upon the slope surface the water 
(not upon the slope the bottom), and second, that the excavating 
transporting power the water depends upon the the cur- 
rent. This excavating power velocity the current must made 
greater than now over the bar, the channel cannot perma- 
deepened any artificial structures known the science 
engineering. And yet engineer can increase this velocity perma- 
nently, will soon appear. But the velocity must, nevertheless, 
increased, these masses sand composing the bar cannot perma- 
nently removed. How can the velocity current increased? 
three ways. First, increasing the slope surface, which the cause 
(or rather the exemplar the cause) the current. Second, lessen- 
ing the frictional resistance the bed. Third, mcreasing the volume 
mass the water. cannot avail these last two methods 
first, but after shall have once increased the velocity permanent 

these two last means will then ultimately come our aid. 
have absolutely power increase the current but 
increasing the slope surface. These slopes are alternately towards 
the sea and from the sea, accordingly the tide fills and empties the 
bay. They are means steep, the average maximum tides are 
but little over foot high. The force the present currents 
resulting from these low slopes cannot overcome the force gravity 
the grains sand composing the bed the channel. With the 
present slopes, volume and frictional resistance, the equilibrium 
between the velocity transporting force the current and the force 
gravity the sand reached when the depth ft. occurs 
the bar. should suddenly deepen the channel dredging, 
would larger than Nature demands under the present conditions. 
The bay would then fill more easily, the slopes would lower, the 
velocity less, and soon after the dredging ceased, the enfeebled current 
would drop its burden sand the enlargement, and restore the 
present depth. the other hand, could suddenly drop million 
tons sand and reduce the depth few feet, what would 
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occur? The bay would not fill rapidly, and steeper slopes would Corthell. 


occur consequence. These would create greater current velocities, 
and the removal the obstruction would effected little while; 
and, with the recovery the ft., the bay would fill more easily, 
the slopes would diminish, and the former velocities current would 
restored. The slope results from the difference level between 
the surfaces the Gulf and the Bay. Any one can see that the more 
freely the water can flow from one the other, the less difference will 
there between the heights their respective surfaces, and, conse- 
quently, the less will the slope surface through the channel be- 
tween them, and the less will the current velocity. This 
the very opposite what must have produce deepening. 
must have more rapid currents, and nothing but steeper slopes will 
produce them. Hence evident that large openings, and freer 
communication with the bay through them, and over low, submerged 
jetties, are precisely what not want. 

suppose that jetties were, mean tide, suddenly placed 
across the bar, 000 ft. apart, and extended from ft. depth inside 
ft. depth outside, and were high and tight that all the water 
which passes out the bay compelled pass through them. 
When the tide rises will impossible for the bay fill fast 
before. The tide outside rising only its normal height will produce 
steeper slope through the jetty channel than existed that locality 
before, because the surface the bay must lower, will have 
been deprived large part its normal volume the flood. This 
steeper slope will produce more rapid current into the bay, over 
sands which are only quiescent under the present velocity. this 
slope increases that velocity from per hour, which not 
unreasonable supposition, the transporting power the water will 
increased from units units. Wherever through this jetty 
channel the depth least, there will the current most rapid. Hence 
the inflow through will have the effect cutting down the high 
parts the bottom first, and transporting these sands into the deeper 
places. few hours this whole process reversed, and steeper 
slope than before will exist the opposite direction, and the sands 
this contracted channel will swept out the sea, and will there 
distributed littoral currents sea waves, out the way the out- 
flow from the jetties. course, the greatest increase slope will 
only occur first, and the highest and lowest periods the tide; but 
the channel deepens the volume increases, and the ratio friction volume 
decreases, hence lower slopes will then produce equally rapid currents. 
Therefore the bay will ultimately fill more and more quickly, and 
these abnormal currents will thus toned down until the deepening 
ceases and new condition stable equilibrium, what engineers 
call new regimen,” established between the maximum velocity 
the current and the force gravity the sand. When reached 
will found that the tidal movement the harbor conforms more 
nearly and fall the Gulf, both height and time, and that 
the slopes are than present. Because the deepening the 
channel will continue until the bay will again receive all the water 
due the difference the tidal movement, and the normal slopes 
surface occurring between the alternating levels bay and sea 
through this deep channel, and the friction which now retards the 
entry and exit the water will greatly reduced through it, cor- 
respondingly increased quantity water will enter the bay. 

Any excessive increase tide caused winds will have the effect 
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Mr. Corthell. permanently increasing the depth this jetty channel, and making 


more capable discharging such excessive quantities water again. 
such abnormal causes the channel will deepened that the cur- 
rents from ordinary tides will not sufficient disturb its bottom. 
The greatest work excavation done when the velocities are greatest. 
The channel with high jetties extending out deep water would get 
accessions sand, and the depth would permanent. must 
apparent, from this explanation, that the object sought these 
namely, facilitating the inflow the tide into the Bays Gal- 
veston, Charleston, Sabine Pass, etc., leaving openings through the 
jetties near the shore, precisely the way not what they want 
accomplish. Besides losing through them the most important agent for 
deepening the channel—the ebb tide—they will admit into the channel 
all the sand which waves can bring. jetties simply 
aggravate the evils caused these openings. They really extend the 
openings over the entire length ofthejetty. They prevent, increased 
friction. the rapid inflow fill the bay; they permit the loss 
the ebb tide, and thus lessen the force that should deepen 
the channel; and they allow the waves transport sand over them 
into the channel. Openings and submerged jetties are therefore 
inexcusable violation the very essence the jetty system.” 


There are some other serious objections the single-jetty plan 


Aransas. There concentration the ebb-tide flow make and 
maintain deep and wide channel. There may narrow, curved 
channel along the concave side the work, but between that and the 
outlet Mustang Island there always likely troublesome 
shoal due the reversion point the current previously referred to. 
And beyond, the sea end the curved jetty, there always likely 
shoal bar for want strong issuing current sweep 
Again, the channel throughout its whole length along the curved break- 
water exposed the sudden and serious influx sand any time 
southerly storms. 

the case the South Pass and Tampico Jetties, the bars 
the sea are swept currents passing across the ends the jetties, 
The winds aud storms from the southeast the former, and the 
the latter, raise the surface the water the angle 
formed the East and North Jetties and the shore line and produce 
strong current around the windward jetty aud across the fore shore 
the sea bar, wearing away and thus retarding its growth. There 
such force rely upon Aransas, for the wide opening between 
the land and the breakwater will prevent it. 

This discussion not upon subject unfamiliar the writer. 
was the chief engineer the project for two years during its in- 
ception, had charge the matter when the charter was obtained from 
Corgress 1890, and made plans and estimates the works, which 
consisted two parallel, rectilinear jetties. confident, from his 
experience elsewhere and knowledge the conditions Aransas, that 
his plans, carried out, would have given immediately channel 
ft. deep and least 200 ft. that depth, which could have been 
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maintained easily keeping the works, and without resort Corthell. 


dredging. 

remains call attention briefly the closing paragraph the 
author’s appendix, which, after making erroneous statement 
about the effects the recent floods the Brazos, says: 

Thus demonstrating the relative superiority the principle 


reaction single jetty, applied Aransas, that concentra- 
tion twin jetties the Brazos River bar.” 


Let the writer say, first, there sort comparison between the 
conditions the two places. Aransas there clean, salt- 
water, tidal connection between the Gulf Mexico and group 
bays—Aransas Bay with square miles connected with Misquete, St. 
Charles, Copano and Corpus Christi Bays, which together have area 
273} square miles. the Brazos, there great, turbulent, 
muddy river times 1000 miles long, flowing through 
clayey country, and floods vomiting its engorgement out upon the 
Gulf; with tidal reservoir whatever, except what exists narrow 
river not over 400 ft. wide. 

Aransas, the normal depth the bar was about ft. the 
Brazos, when the works were begun, there was straggling channel 
which had crossed the East Jetty. The depth the 
bar between the jetty lines was only 1.5 ft. Still, these works, though 
never completed consolidated, due financial reverses the 
financiers the project and for reasons outside this project, 
deepened the bar and made channel straight sea, which, 1896, 
had depth over ft. average flood tide, the plane reference 
used. 

The author states: 

the severe floods the basin the Brazos River, 
Texas, July, was expected that the larger volume discharging 
with greater velocity over the bar its mouth between parallel jetties 


would materially improve the depth. the contrary, the soundings 
show but ft. several places.” 


The author was misinformed; for the writer communicated with the 
works and ascertained the following from the engineer and superin- 
tendent the railroad and terminal: 


October 3d, 1899, 
just received. First part rise deepened channel imme- 
diately outside jetties ft., mean low water. Latter part shoaled 
same place ft. one small place, but deepened again 16.5 ft. 
within two weeks; now ft. Very marked improvement river 
channel from Velasco and through jetties. Never such depth water 
before; harm jetties. Bar entirely outside jetties. Now channel 
deeper and wider front jetties than ever. 
The writer also communicated with Mr. William the 
attorney the Reorganization Committee, Boston, which has general 


charge the property, and the following was received from him: 


. 
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instructions from Velasco have been the effect that almost 
without exception the flood removed bars, etc., that there was 
clear entrance drawing least ft., and with very slight amount 
work the depth would ft. With two three very slight 
exceptions, the water was more than deep. The Government 
having taken charge this property, told that very few days 
dredging will allow vessels enter drawing feet.” 


The original report, made after one had been made the 
Government Engineer the effect that ft. maximum might 
jetties with maintained channel ft. only; and that 
the $140 000, already expended the Government without result, 
should not supplemented any additional amount, gave the 
opinion that channel ft. deep could obtained and maintained 
properly constructed jetties. still believes this can done, 
notwithstanding the unfortunate financial history the work, the 
delays construction and the inability the company complete 
the works the time. 


improvement designed Professor Haupt for Aransas Pass pre- 
sents three prominent features, the most important which, the 
writer’s estimation, the ‘‘reaction shown the cur- 
vature given the breakwater. 

The principle based upon the well-known effect produced 
flowing water the concave bend stream where the impingement 
the current causes greater depth than any other part the cross- 
section, and, indeed, greater than the straight reach. 

The frequency with which running water flows curves would 
seem amount law flowing streams, and this nowhere illus- 
trated better than the case where the stream free carve out its 
own bed, the Lower Mississippi; there the regimen lies cur- 
vature, and only when this curvature becomes excessive, and 
offers too much resistance the flow, that during some period 
flood stage the water takes straight course—in the line least 
resistance—across the more less narrow neck land separating 
from the reach below—making what known there 
but this remedy much aviolation the regimen one direction 
the excessive curvature the bend which caused was the 
opposite direction. The stream almost immediately proceeds form 
another bend. 

That not the mere velocity current which induces erosion 
the bottom channel must acknowledged witnessing 
many instances where, one case, stronger current fails produce 
erosion the bottom, and the other case, with the bottom com- 
posed of—to all appearance—similar material, weaker current main- 
tains greater corresponding depths. 

The New York Narrows offered Professor Haupt illus- 
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tration point, and apt one far that great depth 100 mr. Marindin. 


ft. seems maintained the comparatively low mean velocity 
ft. per second. There are instances where greater mean velocities 
fail maintain 10% the depth found the Narrows. 

The explanation offered Professor Haupt for the great depth 
New York Narrows that resultant force produced the flood 
stream flowing the bottom for eleven hours out the twelve, 
indicating huge vertical eddy. That may the true explanation, 
but, that connection, the writer may permitted ask has 
not misunderstood the report from which the statement taken? 
Seven hours out twelve would more inaccord with what has been 
observed other parts the harbor. 

The current has been observed flow the bottom, 
the mouth the Hudson, for hours before the ebb current had 
ceased flow the surface. 

has also been held that both ebb and flood currents could 
made follow the same path channel, although opposite direc- 
tions, the problem improving the depth outlets would 
solution. This seemingly the condition New York Narrows. 

The configuration the shores Aransas Pass seemed fitted for 
and reverse-curve The position the con- 
cave shore Mustang Island made the convex part the breakwater 
opposite possible, or, perhaps, better fitted than straight jetty 
would have been, and, the thalweg found close the shore, with 
ample depth, only remained for this part the breakwater arrest 
any encroachment upon the channel from the north and east. Farther 
down, the reaction principle becomes operative until the deeper water 
reached, beyond the bar. 

not clear the writer’s mind wherein Professor Haupt has 
provided for meeting the requirement stated his seventh specifica- 
tion, viz.: 


(the breakwater) should not promote the growth the bar 


the deposit material removed from the channel the 
outer slope the bar.” 


material being moved storm waves, some will find its 
past the outer end the breakwater, and any material held 
suspension rolled along the ebb the bottom the channel 
will deposited front the outlet, matter what form shall have 
been given the end the breakwater. 

The writer does not know how much how little sediment 
brought down the ebb out the Pass, but any amount being 
and bar tends form front the present curved end 
the breakwater, extension continuation the curve could not 
continued for any great distance, for obvious reasons; and reverse 
curve would detrimental the reaction theory, without transferring 
the reaction principle over another concave break- 
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Marindin. water located the south side the crossing means 


the formation middle ground, with decreased channel depth. 

The second important feature this improvement lies having 
provided wide gap the shore end the breakwater for the free 
passage the flood tide, fill the tidal reservoirs above the Pass, 
point which not occupied any considerable ebb stream, the 
strength the ebb occupying, does, the concave shore Mustang 
Island. 

evident that where the working power the ebb depends 
largely upon the drain flood-tide waters, works improvement 
should designed and constructed offer the least obstacle 
the free access the flood tide; under these conditions the building 
continuous parallel convergent jetties would mistake. 

The third prominent feature the location the single curved 
breakwater the side the Pass from which may expected the 
most violent movement material, that due littoral drift. The 
determination this location should based upon accurate and reli- 
able information, previously obtained, the direction and strength 
flood, the direction and volume drifting sands other material 
caused prevailing winds and storm waves any littoral current. 
Professor Haupt disclaims having sought secured any these data, 
preferring the study the topographic and hydrographic features 
shown published charts, supplemented, must be, the intui- 
tion the engineer. This well, success follows it, but the writer 
sure that the majority engineers would prefer have numerical 
data before them mix with all the intuitive knowledge they may 
possess. 

analysis the systems parallel convergent jetties and 
Professor Haupt’s system, applied Aransas Pass, shows them 
radically different. The application the single Reaction Break- 
seems, from the results noted the paper, have been par- 
ticularly successful very short time, notwithstanding the exist- 
ence old rock jetty directly its path and removed only part. 
But the same system applied South Pass South West Pass 
would prove failure. both these cases the conservation the 
energy the current which obtains between their parallel shores and 
its maintenance far the bar, necessary, not only erode the 
bar, but convey the millions tons solid matter, held suspen- 
sion and rolled along the bottom, far out into the deep water front 
the delta, where the rebuilding the bar would very slow pro- 
cess, retarded the action any littoral current existing there. 
Parallel and continuous jetties are necessary secure these results, 
and prevent the spilling the currents laterally. 

The same condition confronted the engineer the mouth the 
Brazos, and may said, parenthetically, that the present jetties 
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their incomplete state have secured within their limits great depths Mr. Marindin. 


are found river mile two above the mouth. 

The writer has endeavored show the foregoing remarks that, 
notwithstanding the success which has attended the single jetty, par- 
allel jetties are justifiable and necessary under certain conditions. 


Wisner, Am. (by letter).—The peculiar Mr. Wisner. 


nature the reports made the Board Engineers Aransas Pass, 
November, 1897, and December, 1898, together with the fact that 
the expenditure large appropriations will soon required for the 
improvement other harbors where the conditions are similar those 
Aransas Pass, make the paper presented Professor Haupt very 
apropos the present time. 

The harbors the Gulf Coast are two distinct types, each 
which requires radically different treatment order secure satis- 
factory results. The Mississippi River, the Brazos River and the 
Panuco River, Tampico, are all heavy silt-bearing streams during 
times high water, and, not controlled tight jetties 
maintain the full velocity flow until discharged across the bar into 
the littoral current outside, deposit silt will occur and produce 
shoals instead deepening the channel generally expected. The 
strong currents these rivers flood stages are alone depended 
upon produce scour the channels, and all arrangements designed 
for securing tidal effect are not only useless, but tend decrease the 
velocity the silt-laden current, and thereby cause shoals deposit- 
ing silt. 

the entrances tidal harbors, reversed conditions exist, and the 
erosive force required deepen the channels must obtained 
accumulating vast quantities water the tidal reservoir, during the 
flood stages the tide, and concentrating the discharge along the axis 
the required channel lines during ebb tide. 

Unfortunately for the success many the improvements 
attempted, the designers the structures conceived the idea that 
works which had produced beneficial results other harbors must 
necessarily the proper remedy apply. The result has been that 
millions dollars have been expended jetties which have been 
absolutely use, except form breakwaters for the protection 
dredged channels. One the most serious difficulties which the 
designers such works have apparently feared was that such strong 
tidal currents would generated that the structures would con- 
stant danger being destroyed, and, avoid such catastrophe, the 
jetties have invariably been located from 000 000 ft. apart. 

Generally speaking, deepening channels has resulted from 
such construction, and whatever deeper channels now exist these 
harbors have been secured subsequent dredging. 

Galveston, with jetties 7000 ft. apart, the dredged channel 


| ; 
4 
7 
| 


Mr. Wisner. 


818 DISCUSSION REACTION BREAKWATER. [Papers. 


across the bar from 500 000 ft. wide, and Sabine Pass, where 
the jetties are 000 ft. apart, the dredged channel only about 200 ft. 
wide, and shows indication increasing depth width from tidal 
action. spite these repeated failures, the 1897 Board Engin- 
eers not only endorsed the 1888 project for jetties ft. apart 
Aransas Pass, but condemned the unfinished curved jetty worthless 
the Government, and obstacle future improvements, when 
their own published charts show beyond question that the results pre- 
dicted for the enterprise would realized once upon the removal 
the old curved jetty, which the predecessors the Board located, 
unfortunately, the wrong side the Pass. 

the report December, 1898, the Board recommends that the 
outer 000 ft. the curved breakwater removed, and that exten- 
sion built line about 25° the north the present location, 
making angle with the direction flow which, safe say, the 
currents would never follow. With channel from ft. deep, 
already obtained works now place, hard con- 
ceive why such structures should removed, and replaced others 
which have been proven failures other ports, where the con- 
ditions were similar, especially the estimated cost three times 
that necessary obtain 20-ft. channel the completion the 
works built the Aransas Pass Harbor Company. 

While true, stated the author, that parallel jetties are 
not well adapted for securing tidal scour the entrance tidal 
harbors, equally true that single curved jetty the mouth 
silt-bearing river would not only fail produce good entrance 
channel, but would not maintain obtained dredging other 
methods. The case mentioned, where the flood the Brazos River 
failed deepen the channel, direct proof the principle 
involved, and was the result expected those familiar with the 
situation. 

The jetties the mouth the Brazos River have never been com- 
pleted maintain full velocity flow until the silt-laden 
water discharged into the deep water the littoral current outside 
the bar, and, therefore, times heavy floods portion the 
sediment dropped the point where the river current slackened. 
The experience the mouth the Mississippi and Brazos Rivers 
indicates clearly that single jetties, matter what their shape, would 
not maintain navigable the entrances those harbors. 

every careful investigator the physical conditions the 
entrances Gulf harbors, there plenty evidence the kind 
remedy which should applied secure any reasonable improve- 
ments the channels. The littoral current controlling force, 
which certain cause either success failure, according 
whether properly utilized not. 
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the mouths silt-bearing streams, the suspended matter must Mr. Wisner. 


carried entirely from front the entrance before being deposited 
change the velocity the river current, and the shore drift 
must prevented from entering the channel; two conditions which 
necessitate the construction jetties each side the entrance, 
deep water the outside the bar. The action the littoral 
current flowing past any system jetties pile the sand 
drift the angle the shore and jetty the windward side, and 
produce eddy the lee side the entrance. 

the Gulf Coast, the resultant the littoral current from the 
northeast the southwest, and the case sediment-bearing rivers 
the eddy builds immense shoals the westward the entrance, and 
tidal harbors causes reverse current along the shore tothe west- 
ward the jetties, which connection with wave action may cause 
great damage erosion. 

This shore current, caused the eddy the westward the 
jetties, has certain instances led observers believe that the littoral 
current was from the west. 

Galveston, the erosion the city front from this cause has been 
extensive that suits have been started the Court Claims 
recover compensation for the damages caused the construction 
the jetties the harbor entrance. 

the curved jetty designed for the improvement Galveston 
Harbor, 1883, Ripley, Am. Soc. E., had been 
adopted, would unquestionably have produced deep channel 
across the bar with saving several million dollars the cost the 
improvement, and would have shifted the eddy caused the littoral 
current far enough eastward have caused but little erosion along 
the city front. 

The construction jetties Aransas Pass will produce eddy 
effect similar that developed the structures the entrance 
Galveston Harbor, and, two jetties are built out deep water, the 
west end Mustang Island will eroded, whereas, only single 
jetty constructed the north side the channel, the 
center the eddy will shifted eastward, and the reverse current 
will combine with the ebb currents the outer end the channel. 
short spur will necessity the west side the Pass prevent 
the reverse current from the littoral eddy carrying sand into the 
channel. This spur should built above high water far out 
the wreck Mary, and will tend limit the action the eddy and 
diminish erosion the front Mustang Island. 

One the most interesting instances parallel jetties producing 
the opposite effect that expected that Cumberland Sound, Ga., 
where the accumulation drift between jetties 900 ft. apart became 
such that, 1895, the channel shifted across the south jetty, and 
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became necessary remove portion that jetty, prevent the port 
Fernandina from being completely closed. 

became evident, 1890, that result was likely 
obtained, and Carter, Am. Soc. E., Captain, Corps 
Engineers, A., the local engineer charge the improvement, 
recommended that the project for parallel jetties abandoned, and 
that single curved jetty constructed the north side the 
entrance, shut out the sand drift from the north and guide the 
tidal flow across the bar the line best adapted for maintaining 
channel with natural forces. 

The deadly wisdom the engineer board, whose consideration 
few hours conclusions the resident engineer who gives 
years study the conditions, proved fatal the project. 

There has been 787 000 expended the work, which has 
way improved the entrance tothe harbor. continuous appropriation 
was made Congress 1896, complete this project, which over 
500 000 remains unexpended. 

will interesting note how this vast amount money 
expended, especially the engineer boards which have considered the 
problem various times have practically admitted that the improve- 
ment was failure, but did not have the courage ‘‘advise any 
radical change the general location the jetties originally 
proposed.” 

The conditions Cumberland Sound are practically similar 
those the Gulf Coast, except that the rise the tide about three 
times that Aransas Pass; and there reason why single jetty 
would not produce beneficial results the latter place, where 
incomplete structure has deepened the channel from ft. afew 
months. 

Particular attention called the fact that the breakwater 
Aransas Pass was constructed under the plans the consulting 
engineers, without causing the bar pushed seaward the slight- 
est measurable amount, achievement which has never been accomp- 
lished any other port the Gulf Coast. 

The action erosive and bar-forming currents has been quite 
fully observed the engineers who have had the actual charge 
harbor construction the Gulf Coast, and, while the results have not 
been published the official reports, many the facts have been dis- 
cussed the Transactions this Society, and hoped that this 
paper will make the record still more complete. 

far the writer able judge, these observations have estab- 
lished quite fully the following conditions and principles pertaining 
harbors the Gulf Coast. 

The littoral current, during season when effective, flows from 
the northeast the southwest. 
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The sand moved along the coast the littoral current, when Mr. Wisner. 


stopped jetties extending into the Gulf, accumulates the angle 
formed the east jetty with the shore; and the sediment carried into 
the Gulf silt-bearing rivers carried the westward the 
harbors, forming shoals extending seaward from the entrance the 
jetty channels. 

The littoral current flowing past the outer ends jetties 
breakwaters creates eddy west the entrance, which, the 
mouths sediment-bearing streams, builds shoals the quiet 
water the center the eddy; and the entrances tidal harbors 
causes reverse currents, which, connection with wave action, erode 
the shore west the structures. 

single jetty will neither make nor maintain navigable chan- 
nel the mouth silt-bearing river. 

Parallel jetties the entrances tidal harbors will not create 
navigable channels, but will generally maintain such channel after 
having been obtained dredging. 

Where strong littoral currents exist during the season when 
sand movement occurs, curved jetty, properly designed with 
reference the volume and velocity flow through the pass, will 
create navigable channel without aid from dredging, but prefer- 
able all cases aid the tidal action dredging, not only 
hasten results, but insure proper alignment the channel. 


Symons, Am. Soc. (by letter).—The single Mr. Symons. 


jetty Aransas Pass, ‘‘reaction breakwater,” called the 
author, means new thing the engineering world, and, 
individually, does not mark distinct advance the resources 
maritime engineers the improvement ocean stated 
Professor Haupt. fact, officers the Corps Engineers, U.S. A., 
have designed and have been building just such structures for years, and 
some the most successful works the Corps have been accom- 
plished adopting the main the principles enunciated Professor 
Haupt. 

The writer believes sincerely that many harbor bars can im- 
proved single jetty, breakwater, the name preferred, 
fully great extent, and some cases much greater extent, 
than parallel converging jetties, and enormously less cost, 
provided the single jetty properly located take advantage all 
the natural forces work. This belief founded, not theories only, 
but actual experience planning, locating, building and observ- 
ing such works and their operation. The writer’s experience the 
Pacific Coast was convincing this, that, planning works for 
the improvement Grays Harbor Bar, Wash., designed single jetty, 
and, Congress having made provision therefor, now being con- 
structed under the supervision Harry Taylor, Am. Soc. E., 
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Mr. Symons. Captain, Corps Engineers, This jetty has not only been 


described official reports, but was the subject paper before this 
Society.* This Grays Harbor jetty is, every essential respect, such 
reaction breakwater” described general terms Professor 
Haupt. 

The single jetty Coos Bay, Ore., located and built under the 
writer’s direction and supervision, 1890 1895, reaction break- 
and operates practically the same manner described 
the author, determining, deepening and maintaining channel over 
the bar. This single jetty was located with view securing the 
maximum results the shortest time and the minimum expense, 
and was eminently successful; deep bar channel was developed and 
has been maintained permanent position ever since. second 
jetty was planned built Coos Bay, but the first one has 
accomplished about all that was hoped from the two, will probably 
deemed unnecessary build it. The great single jetty the 
mouth the Columbia River, which has accomplished much for 
the commerce Oregon, reaction breakwater.” the single 
jetty San Diego, Cal. 

These jetties fulfil nearly all the conditions laid down Professor 
Haupt. Their principal point variance that they are not con- 
structed ‘‘compound and reverse curves,” and have gap 
opening near the shore. the localities mentioned these curves were 
not all necessary, there was trouble securing deep channel 
inside the outer end the jetty either place. The bar, advance 
the jetty, was the real difficulty, and the channel across was 
secured directing the tidal currents upon fixed location. 
the instances mentioned this accomplished just well with the 
straight jetties could with curved jetties. fact, was neces- 
sary almost every instance protect the jetties against undue erosion 
groins built out the channel sides. The construction the 
breakwater,” called, Aransas Pass, not made clear the 
paper. apparently brush and stone structure, large part 
which founded sand ft. water. Alongside this and 
close up, the channel has been eroded ft. depth, accord- 
ing tothe map. This condition might well excite alarm for the safety 
the structure. The possible undermining may, however, guarded 
against some construction not alluded the paper. 

Along our Northern Pacific Coast there average tide 
ft., and the storms are much more frequent and severe than the 
Gulf, all which, course, makes the problem bar improvement 
vastly different from that Aransas Pass. 

Neither was there, any these Northern Pacific Coast harbors, 
any need leave gap near the shore permit the tide enter 
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freely. The jetties located and built leave the door open almost Mr. Symons. 


its full width for the entrance the tide, and there practically 
choking down the flood tide, which, theoretically, there with 
parallel converging jetties. Besides, these Northern Pacific Coast 
points there very practical objection leaving gap near the 
shore. The rough and tempestuous character the waters prohibits 
absolutely the building the structures from floating plant, and they 
must built from tramways extended out from shore. the 
tramway should built and gap left the brush and stone jetty 
built from it, certain that the unprotected portion the tramway 
would undermined and destroyed. 

Judging from the map, Fig. this cutting has commenced the 
gaps left the Aransas Pass structure, and quite within the 
bounds possibility that this may extend, and chanels develop there- 
from, degree which will lessen seriously the flow the desired 
channel. the flood enters freely through the gaps, the ebb will also 
run out freely, and would seem the part wisdom, where there 
The sill, Fig would least necessary, the writer’s 
judgment. 

the case Grays Harbor, the natural bar channel had ap- 
parently unswerving tendency move from north south, keeping 
with this movment until its extreme southerly position was reached, 
then breaking out again the north and taking its slow movement 
the south. The jetty was located interpose itself against this 
southerly movement with the hope and belief that the pressure the 
south would continue, and that this pressure one side opposed 
the jetty the other, and the inflowing and outflowing tidal currents, 
would produce the necessary agitating and scouring current-effects 
necessary determine and maintain good deep channel and direct 
permanently over the bar the selected location. This work was 
planned 1894-95, and truly ‘‘reaction breakwater” all 
essential features, described and named Professor Haupt. 
Whether will fulfil all that the writer hopes for remains 
seen, and can only determined the future. 

The great Columbia River jetty, planned 1882, also such 
breakwater,” interposed against the tendency the bar 
channel move the southward. 

Coos Bay the movement the bar channel was the north- 
ward, and, consequently, the jetty was interposed against the 
north, and this northerly tendency and the reaction the jetty have 
determined and maintained excellent, deep-bar channel, permanent 
location, ever since the jetty was carried out sufficiently far make 
its influence felt. The writer unable believe that, the great 
majority cases, the curved trace, indicated Professor Haupt 
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Mr. Symons. essential, all necessary, the best. There may cuses, how- 


ever, where such trace best lends itself the situation and control 
the forces work. particular case must judged itself. 

While the writer believer the single-jetty system, wherever 
applicable, also believes that there are cases where one jetty would 
not sufficient, and where parallel converging jetties are necessary. 
safe rule adopt, and one which the writer was governed de- 
signing all the later works harbor bar improvements which has 
had charge the Pacific Coast, locate the first jetty 
built were the only one built, and hope for the best. 
Under this plan, found that the results obtained are not satis- 
factory, then other works, second jetty, perhaps, can added 
better control the natural forces and direct the flowing waters. The 
writer’s experience causes him very chary predicting ab- 
solutely the results which can obtained from any structure built 
control the waters and sands ocean bar. 

Professor Haupt and all concerned are congratulated the 
results obtained Aransas Pass. The very marked improvement 
such short time mentioned, however, naturally causes one ask 
whether there certainty that permanent. This mentioned 
because, conducting harbor works the Pacific Coast, very extra- 
ordinary results were obtained times, but they were not permanent, 
and the real value the works could only determined finding 
out the minimum depth and width channel which could 
depended upon under all circumstances. The author recognizes this 
uncertainty his statement that modifications, however, are always 
expected depths due variations the natural forces.” 
These modifications may time, and probably will, render the entire 
partial closing the gap the jetty, and the construction 
groins for its protection advisable and necessary. 

the author had extended his studies the works harbor 
improvement designed and carried the Corps Engineers, 
A., the Pacific Coast, his the epoch-making 
character the Aransas Pass structure would probably have been 
greatly modified, view the fact that structures practically 
identical character were designed, located and built years before 
was thought of. 

The correct principles the single-jetty system appear have 
been apphed very successfully Aransas Pass, and Professor Haupt 
has invented new name forsuchastructure. cannot, how- 
ever, believe that the engineering world will accept the name 
properly applicable the structure Aransas Pass. 
not designed and does not perform the functions breakwater 
ordinarily understood and defined. wall directrix 
the flowing waters, and the name jetty fits much better than the 
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understanding. breakwater from its very nature reactionary 
structure, its object being deaden the force the waves, which roll 
from ocean lake, interposing its weight and bulk their path, 


reacting against them. speak reaction breakwater” 
redundancy. 


Am. Soc. (by letter).—The adoption the Mr. Ripley. 


reaction curved breakwater, for the improvement harbor 
entrance, without doubt the greatest advance made the science 
river and harbor engineering that has ever been recorded this 
country. For this reason this paper will read with especial interest 
those engaged this branch the profession. 

The principles herein applied, however, are universal and well 
established the law gravitation itself. 

These principles are: 

First.—That reaction, means which, water, constrained 
flowin curve, excavates and maintains greater cross-sectional area 
channel than when fiowing straight course, and the ratio depth 
section always greater curved than straight channel, 
under otherwise similar conditions. For examples these effects, see 
Transactions, Am. Soc. E., Vol. xxiii, page 153, where shown that 
for the Brazos River the average sectional area 134% greater 
bends than reaches, and the average maximum depth 58% 
greater bends than reaches. 

Second.—That centrifugal force, which the particles flow- 
ing water tend hug the concave side channel. This principle 
makes possible, means single curved structure, concen- 
trate the ebbing waters tidal harbor the discharging water 
river into single channel limited width, and convey across the 
bar effectively can done means two parallel jetties, 
where the aggregate length double that the single curved 
structure. 

Numerous examples natural concentration flowing water into 
channels limited widths this principle are found the 
bays and sounds along the Atlantic and Gulf Coasts. noted 
example that the channel Galveston Harbor along the city 
front. This channel has width less than 000 ft. between the 
6-ft. contours and maximum depth over This concentra- 


the tidal flow due the curved form the shore line 


Galveston Island, which brings into action the principle centrifugal 
force. 

These two are the cardinal principles involved the application. 
the reaction curved breakwater the improvement harbor 
writerthinks that one will question their universality. 
Nor these principles recent, discovery. They were recognized 


name breakwater, and more accord with good usage and common Mr. Symons. 
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Mr. Ripley. more than three-quarters century ago, engineers having 


with harbor works. 


The improvement the entrance the harbor Swinemunde, 
Prussia, the Baltic Sea, example the successful application 
these principles means curved jetty extending from the 
shore the east side the entrance, across the bar, distance 


900 ft., with somewhat shorter angular jetty upon the west side 
the entrance. 


General Gillmore, describing this work 1881, wrote:* 

Several harbors the Baltic Sea have been improved means 
jetties. 

Perhaps the most successful example this method improve- 
ment shown the entrance the harbor Swinemunde, the 
outport the City Stettin, important commercial town 

west pier jetty was designed arrest the progress the 


sand brought the entrance the littoral current, besides 
the currents the outflowing waters. 


well-known fact that near concave banks, the currents 
flowing water generally create and maintain deep channel, induced 
the designer the Swinemunde jetties construct them curved 


plan, secure ample depths, least, one side the entrance 
channel. 


curved plan proved entirely successful, inasmuch con- 
siderable depths were produced next the east jetty; fact, the 
opinion has been expressed that more gentle curvature might have 
been better, the depths the concave bend are actually greater 
than needed, while the opposite side, extensive shoals are found, 
necessarily reducing the width the navigable channel and requiring 
the frequent use dredging machines. 


general result this improvement, reported that the 
principal channel, which the depths were ft. before the 
works were begun, now has navigable depth more than ft., 
which has been maintained for nearly century.” 

The plan this work shown Figs. While stated 
that the curved plan proved entirely successful,” the work whole 
has not been so, from the fact that the curved jetty was placed upon the 
lee side the littoral drift, which encouraged its accumulation the 
channel side the curved jetty, with resulting growth the bar 
seaward, which will necessitate the ultimate extension the works 
prevent its overlapping the outer end the jetty. curved 
jetty been placed windward side, the littoral drift would have 
accumulated next the shore and its seaward growth would have been 
much slower. 

About years ago, the writer designed detached curved break- 
water for the improvement the entrance Galveston Harbor. Its 
location shown the heavy broken line Fig. The line the 
North and South jetties constructed also shown. The condition 


Report, Chief Engineers, A., for 1881, 1060. 
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the bar and channels that the time the survey 1884. The 
present position the shoalest part the bar outside the line 
joining the outer ends the jetties. point, the resultant lit- 
toral movement the southwest, indicated the gentle curve 
Bolivar Channel the south approaches the bar. 

The breakwater placed the windward side the channel, and 
its curvature and position conform the curvature and alignment 
the natural channel, and resultant all the forces acting upon it. 
The discharging water from the tidal basin meets this curve tangent- 
ially, and, upon the principle centrifugal force, will constrained 
follow the curve throughout its length. The channel will therefore 
have greater width than the point meeting the curve, but, 
account its curved form, somewhat greater depths will developed 
and maintained than would the case the same movement water 
were confined between parallel straight walls. 

Its position the windward side the channel such inter- 
cept the littoral drift and protect the channel from its degrading 
effects; and the littoral movement, being normal the breakwater 
its outer end, will oppose dynamic the ebb dis- 
charge. The existence this breakwater would exert the least oppo- 
sition the admission water the tidal basin consistent with 
the control the ebb discharge, and probable that, with the 
development the channel across the bar, actual increase the 
tidal prism would result. 

This design was approved the United States Engineer Officer 
then charge the work, and its adoption recommended. The 
results Aransas Pass have demonstrated fully that, had its construc- 
tion been authorized, there would have been saved the Government, 
the improvement this one harbor, not less than 000 000 
money and about four years time. 

There are many harbors the Atlantic, Pacific and Gulf Coasts 
needing improvement, where the application the reaction break- 
water would entirely feasible. 

The curved jetty, involving the same cardinal principles the 
reaction breakwater, would also applicable the mouths many 
rivers, the great saving the cost improvement. 

After much study the local conditions the mouth the Coat- 
zacoalcos River, Mexico, the writer has proposed single curved jetty 
for the improvement the entrance that river, with the estimated 
saving about 000 000 gold compared with the estimated cost 
two parallel jetties. 

With the results Aransas Pass, the writer entirely confident 
that the improvement the entrance the Coatzacoalcos River 
would entirely successful with the construction the single 
curved jetty proposed. 
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Jun. Am. Soc. E.—The speaker had the good Mr.Pitts. 


fortune engaged Assistant Engineer the works Aransas 
Pass for over two years, and, naturally, has been much interested 
the results. 

From the depths maintained the gorge, would seem that the 
ebb-current velocity and tidal volume are sufficient maintain 
depth ft. more the bar, properly controlled and directed. 
The speaker believes the results far obtained show that the curved 
jetty the north side the channel, which was designed the 
author, would amply sufficient control and direct the current, 
completed. 

reports made the Chief Engineers, A., regarding 
contemplated improvements Aransas Pass, has been said that 
would very difficult build and maintain jetty there account 
the quicksand foundation. The curved jetty, built the Aransas 
Pass Harbor Company, founded mattresses made fascines 
live oak bay brush, the fascines being about ins. diameter 
and varying length, according the width foundation desired. 
The mattress sinks into the sand somewhat when first laid and com- 
presses considerably when fully ballasted, but seems last for 
indefinite time. The foundation the south jetty, built the 
Government about 1885, was similar mattress, and during Colonel 
Goodyear’s blasting operations the site that jetty fragments 
the mattress arose the surface considerable quantity. The wood 
these fragments was quite sound, but the bark was partially de- 
cayed. portion the north jetty has now been place for over 
years, and work any kind has been done for more than years. 
During that time there has been evidence any settlement the 
foundation, the small amount subsidence noticed being amply ac- 
counted for the consolidation the stone the body the jetty, 
and loss from the top due heavy seas. this last respect, the 
speaker has been surprised that the jetty has stood well, view its 
exposed position, and the fact that repairs whatever have been made. 

Between August and December 31st, 1895, portion the jetty 
250 ft. long, B—C (Fig. 1), was completed full size and section; 
mattress was laid from ft., and from 500 ft. 
The channel depths increased rapidly until, November and Decem- 
ber, channel ft. could traced across the bar. about that 
time the foundation the old Government jetty was uncovered, and 
the increase depth ceased. Although the removal portion 
the old foundation was urged repeatedly the Consulting and 
Chief Engineers, funds were provided for that purpose; but during 
the spring 1896 the portion the jetty was raised the level 
high water, and the foundation was laid for distance 400 ft. 
from toward 
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During August and September the same year the mattress was 
extended and the jetty was raised low-tide level between and 
but was built much less than full section, and two gaps 
total length about 500 ft. were left. Until this last work was done 
between and the ebb discharge was practically not controlled 
all, most the flow passing the northward and the current 
across the bar was scarcely appreciable. 

The condition the jetty the spring 1896 was such that 
caught and caused deposited the bar the sand carried along 
the shore the northerly current which prevails that season. This 
current was unusual strength and duration that year. consequence 
this sand deposit, the depth the crest the bar decreased that 
there was only ft. water September. soon, however, 
the portion D—E the jetty was partially completed described, 
the current across the bar was noticeably increased, and the channel 
depths began increase slowly. This increase was helped materially 
the explosion dynamite the bar Colonel Goodyear; chiefly 
the destruction part the foundation the old Government 
jetty, but also partly the softening the whole bar, caused the 
shocks the explosions. 

The increase depth, which began the fall 1896, has been 
continuous since; being slower, perhaps even ceasing entirely, dur- 
ing the spring and summer, and much more rapid during the winter, 
when severe are frequent occurrence. such times 
the current very rapid, surface velocities high and ft. per 
second having been measured means float observations. These 
were probably not maximum velocities, the engineering force had 
facilities for making current observations during the times 
greatest discharge. 

The speaker’s latest information regarding the depths the bar 
letter from the the Life Saving Station the Pass. From 
this learns that there has been but little change the channel 
during the past summer, but that the depths the outer slope the 
bar have increased somewhat. the absence complete survey, 
not safe assume too much; but the increase depth the 
outer slope would seem show that the jetty serving one the 
purposes for which was designed, e., prevent the advance 
the bar seaward. 

The south jetty, built the Harbor Company 1892, men- 
tioned the author, was carried out some distance during the 
summer, and was apparently successful for time. deep channel 
was formed along the north side the jetty, and there was some 
increase the depth the bar. The improvement was lost, how- 
ever, soon the southerly littoral currents set in, the fall. 
There was improvement the next year, and large part the 
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jetty had disappeared the summer 1895. This jetty was built Mr. Pitts. 


wooden caissons about ft. diameter, sunk the sand and filled 
with sand and rock. portion this jetty shown extending 
eastward from Wharf” the map (Fig. will seen, 
did not any way control the current, serving merely protection 
against the sand carried along the shore tothe northward. fact, the 
ebb current the north the revetment laid the 
Government between ‘‘Co. and Turtle Cove, and trends away 
from the shore line Mustang Island before reaching the inshore end 
the south Nelson jetty. 

The curved north jetty was designed the author, not only 
protect the channel from the inflow sand from the north, which 
movement the speaker considers more important than that from the 
south, but also control the current and compel scour out its 
own channel. The speaker does not believe that straight jetty would 
serve the same purpose this location, suggested Major Symons, 
for thinks such jetty would only defiect the current, without con- 
centrating it, and that would then spread out, fanwise, and lose its 
velocity and strength. With the curved jetty, the contrary, the 
change direction gradual and continuous, and the conditions 
are similar those the bends rapid river, where well 
known that the greatest velocity and depth found next the concave 
bank. 

Major Symons also mentions four harbors the Pacific Coast 
where single, straight jetties have been used with gratifying results. 
The similarity the cases does not appear the speaker, however. 
one these instances, the mouth the Columbia River, there 
very large fresh-water flow, and all them the tidal flow many 
times great that Aransas Pass. all these cases the 
entrance proper, between the headlands, wide and deep, 
maps published the Reports the Chief Engineers, A.; 
and there rise and fall tide ft. The conditions are 
such that the bays doubtless fill completely each tide, and the 
single jetty does not contract the entrance diminish the tidal 
inflow. The depths and widths maintained the gorges are far more 
than sufficient for any possible commercial needs; hence enough 
control part only the ebb flow. 

Aransas Pass, the other hand, the entrance naturally 
comparatively narrow, and the average rise tide only about 0.8 ft. 
therefore necessary, not only control large part the ebb 
flow possible, but also give the most ample opportunity for the 
flood tide enter. The purpose the opening left from (Fig. 
1), was give greater width flood tide entrance, and the speaker 
believes that material value for that purpose. true that 
considerable quantity water lost through during ebb 
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discharge, but here again the water thrown against the Mustang 
Island shore centrifugal force, and the loss limited surface 
one only. This proven the speaker’s satisfaction the fact that 
since September, 1896, when the foundation was completed and 
the jetty from was brought toa partially effective condition, 
there has been tendency scour this opening; fact, the 
depths have decreased somewhat. 

The conditions Tampico and the mouth the Brazos, where 
improvements have been made means parallel jetties, are radi- 
different from those Aransas Pass, account the large 
fresh-water flow both those places. 

Mention has been made the probability that shoaling would 
take place the There would doubtless some shoal- 
ing that point, but the speaker does not think that the depth there 
would the governing depth. thinks the loss water over the 
shoal the southward would cause the governing depth appear 
the concavity the jetty, and that would not less than ft. 
under any circumstances, and probably much more. The latest chart 
available, from survey made last winter the United States Coast 
and Geodetic Survey, shows depths the middle the cross-over 
about ft. believes that the present bar acts dam 
check the ebb current and prevent scour the inner slope, and 
that with the opening clear waterway ft. depth across the 
bar, the depths the cross-over” would increased materially. 

The fact that current velocity which abundantly sufficient 
transport given material will not always scour from its bed was 
well shown Aransas Pass. The material along this coast round- 
grained sand light weight, which remains suspended the water 
for long time when once put motion. Yet the speaker has seen 
this sand stand for days slope without perceptible erosion, 
notwithstanding the fact that current ft. per second was im- 
pinging during every ebb tide. But the slightest shock, such 
the explosion charge dynamite under water the vicinity, 
enough cause such bank slide. Any obstruction the free 
flow the water will cause eddies which produce rapid scour over 
limited area. For this reason the speaker does not think that the stone 
from the foundation the old Government jetty which was scattered 
the dynamite explosions prevents scour. the contrary, that 
help rather than hindrance, account the local scour produced. 

The average range the tides Aransas Pass less than ft.; 
given the Coast Survey charts 0.7 0.8 ft. But there are 
times when the rise and fall are much greater. long-continued 
southeast wind will raise the water ft. more above mean high 
water, and severe Northers” will lower much 
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below mean low tide. The speaker has seen the tide fall more than 
ft. less than six hours during regards 
the character the tidal curve; the time neap tides there 
well-marked diurnal rise and fall; but spring tides there but one 
pronounced tide inthe the time spring tides, how- 
ever, short rise and fall frequently appears near the crest the 
curve, and sometimes the The foregoing the general 
character the curve, but means regular, the tides this 
part the coast being governed largely the wind. The tide lags 
irregularly behind the moon’s phase, and much more than the 
open seacoast, but the speaker has data hand this subject. 

true that this work has stood for comparatively short time 
only, yet, but the speaker thinks that the results obtained since 
work the jetty ceased, leaving incomplete condition, are 
strong arguments favor the correctness the theory which 
was designed. 

Lewis Am. (by letter).—The writer feels 
under obligations his colleagues for the interest and trouble they have 
taken discussing this paper, each from his own standpoint and 
experience, true, but these side lights furnish opportunity 
illuminate the general problem. 

General Review.—Some confusion has arisen from attempt 
measure results obtained elsewhere under totally different conditions; 
thus, instances are cited the success twin jetties where there 
large fluvial discharge high velocities; cases which are not com- 
parable with that under consideration where there land drainage 
jetty projecting from the shore with the reaction breakwater which 
purposely wholly detached therefrom; or, still further, linear work, 
having but single functicn perform, cited precedent 
for curvilinear work designed develop diverse agencies. 

Objections are also made the use the words break- 
being Major Symons not appearing recognize 
the fact that the structure does break the waves from the north and 
northeast, forming channel quiet water its lee and also pro- 
duces scour the continuous reaction the ebb currents along 
the concave front the structure. These anticipated results, how- 
ever, areso patent that further space will taken reiterate them. 

Mr. Corthell devotes considerable space the impropriety 
leaving opening for the free admission the flood tide, and quotes 
from Captain Eads the well-recognized principles applicable half- 
tide submerged jetties sustain these views. there ques- 
tion concerning their soundness and the writer record the 
papers referred his original paper, time will consumed 
responding this point which also well covered Mr. Marindin. 


Mr. Pitts. 


Mr. Haupt. 
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Mr. Corthell recognizes that the theory ‘‘exceptional” and 
peculiar,” the work incomplete, and that, correct, the cost will 
only about one-third that under present plans. Certainly, then, 
worthy demonstration, which all the writer has been seek- 
ing for years, and the testimony Nature’s agencies arc now pro- 
duced, far they have gone, establish the correctness their 
application this difficult locality. This testimony does not seem 
refuted any the arguments submitted. The writer does not 
claim universal application his pians all conditions seems 
inferred from few the discussions, since each case special 
problem solved its merits. Neither does claim that 
reaction developed convex The function the con- 
vex portion the work wholly distinct from the concave portion, 
but none the less important (as heretofore stated). 

The unqualified statement that not velocity that 
produces scour, undoubtedly absurd, but was intended 
used, the context shows. well-known physical fact that 
the mean velocity given stream, generated its surface slope, 
does produce remarkably different results under apparently similar 
conditions. The cases cited should suffice illustrate the meaning, 
which was not disparage either velocity volume, without which 
work could done, but direct attention the tool, speak, 
whereby they may applied produce cutting. There ample 
energy stored the effluent every bar, but, unless developed 
some form resisting medium and made operate the bottom, 
glides sea inoperative. The mean velocity broken and dis- 
tributed into complex bottom movements the resisting break- 
water. 

serious defect, oft repeated harbor works, the writer’s 
opinion, the manner which attempted apply straight jet- 
ties develop channel; with the result that deep hole scoured 
out the point incidence current and the energy the stream 
dispersed being reflected angle instead being continuously 
supported across the bar. This observable many instances where 
twin jetties have been placed. the purpose the curved break- 
water maintain continuous reaction; which has been done, 
shown the results already secured. The currents are moulding 
their own channel, with thalweg about 500 ft. from the axis the 
work and parallel thereto. 

Dublin harbor, which regarded one the most successful in- 
stances convergent jetty scour, was visited the writer 1889, 
and described the paper Jetties for Harbor Improvements.” 
Here the benefit was alleged due largely the 600-ft. gap the 
North wall, which admitted more water flood than emitted ebb, 
thus changing the equilibrium between the heads the jetties slightly 
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favor the ebb. The dredging the area within the jetties not Mr. Haupt. 


germane the subject. From the relative positions the jetties, 
shoaling expected this harbor. 

Neither does the writer regard important reopen the discus- 
sion the resultant direction the littoral drift Aransas, which 
was brought out Mr. Sweitzer’s paper the Origin the Gulf 
which attention directed. Suffice say that the ac- 
cumulation drift every jetty built the Gulf furnishes sug- 
gestive evidence the correctness the location the breakwater. 

The writer does not wish disparage any carefully observed data, 
but these problems the elements are varied different parts 
the same inlet and are changing constantly (every hour almost) that 
even very large number simultaneous observations, extended over 
long periods, will not furnish authentic record the chrono- 
graphic resultant engraven the plastic material moulded the 
forces themselves. Careful comparative surveys are indispensable for 
this purpose, wellas measurements which have effected 
the results. Astudy such charts, various dates, more value 
than few instrumental observations velocities currents, winds 
tides, all which, however, have relative value. The writer’s con- 
clusions, the resultant direction the littoral drift, were more 
fully set forth previous publications. largely resultant the 
angle wave approach, configuration shore line, tides, wind, etc., 
all which co-operate produce the effect. Aransas the con- 
sensus opinion, well the efficiency the work done, point 
the fact that the littoral drift southwesterly. The small spur, 600 
ft. long built 1869, was strong pointer. 

Twin Jetties River Mouths.—The writer makes issue the 
use parallel jetties the mouths rivers, his paper states. 
Twin jetties are but the logical outcome Nature’s laws attempt- 
ing conduct stream over through obstruct- 
ing medium. They constitute aqueduct. most successful, 
they should confine the land discharge and exclude the tidal waters. 
The greater the preponderance outflow, the better the result. But, 
sedimentary streams, jetties serve merely conduct the flow across 
the site the original bar. When reaches the sea, and the velocity 
checked, the sediment again dropped and the process bar build- 
ing and jetty extension must continue, unless there sufficiently 
strong littoral current conduct the silt away from the outlet. 
not, the depth may maintained dredging. stated, 
every problem has its local features. single curved jetty river 
mouth, however, may sustain the currents while crossing the 
bar, and prevent deposit, they are reacted upon, causing their 
load thrust aside beyond the influence the reaction and thus 
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building mud sand jetty suitable distance for navigation 
and automatically adjusted the regimen the stream, thus saving 
the price one the twin jetties. 

This action well illustrated the results Aransas, where the 
sand bar has been thrust aside and moulded without advancing sea- 
ward, making counterpart the breakwater, and aiding confining 
the currents path. Other instances will cited later. 

Brazos Entrance.—As attention called the depths stated the 
mouth the Brazos the writer begs add that 
hoped find decidedly increased depths from the excessive fluvial 
discharge last July’s floods, and hence wrote Texas learn the 
results. perfectly reliable authority replied, stated the paper, 
and this condition comparison was predicated. That substan- 
tially correct confirmed the letter Mr. Dorchester, cited 
Mr. Corthell, stating that had shoaled ft.” (It must have 
been this date that the inquiry was reported.) Subsequently 
deepened The letter adds: Bar entirely outside jet- 
ties,” This, then, still incomplete work, and final con- 
clusions should drawn. The writer has always had confidence 
the twin jetties, designed and partially built for this, the most 
promising river Texas, for the application this method. 
somewhat similar Tampico, where Mr. Corthell’s work has proven 
entirely successful. ‘‘attack” made old methods, where 
properly applied, but should remembered that science pro- 
gressive, and suggested improvements defects existing methods 
may, with propriety, pointed out, for the purpose emphasizing 
and illustrating the particular applications the new. This does not 
mean unqualified condemnation the old, and strict con- 
formity with the law evolution. 

early November 19th, 1888, Mr. Corthell very kindly received 
the writer’s publications and plans, returning them with the remark: 


They are all very interesting and you have certainly done im- 
mense amount work collecting data relating harbor phenomena. 
cannot concur with you, however, your improvement tidal har- 
bors, and cannot bring myself believe that detached works such 
you propose will obtain depths required. oc- 
casion design any works for exclusively tidal harbors.” 


This was before any results were obtained any works this 
character; but, for lack space, further consideration this valuable 
contribution must deferred. 

Mr. Marindin, physical hydrographer the Coast Survey, recog- 
nizes the fact that streams, carving out their channels alluvium, 
ignore straight lines (which are those the greatest slope between 
given points bend), and take the curves where they scour 
greater depths, cited also Mr. Ripley. This furnishes another 
answer ‘the point raised the velocity due surface slope 
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New York referring the New York Bay 
illustrate the effect versus cause for the 
observed effect, the writer quoted from memory impressions gleaned 
some years before from the reading manuscript report Pro- 


fessor Henry Mitchell, the physics this bay. 


ing extract therefrom made the courtesy Professor Mitchell: 


The greatest depth water was found Station (Fig. the 
Narrows, and here our lowest point observation was ft. from the 
surface. this depth found the current prevailing ten (10) 
Station 


“—G ” 96 ” 


comp? 6647 ” 
No. (Narrows) Robin’s Reef (Off Bedloe’s I.) (Off Castle Garden (Off 41st St., H.R.) 
4 
34 ft. 
‘ 
‘ 
RELATIVE VELOCITIES 
68 ft. OF CURRENTS 
PATH HUDSON RIVER 
Note: 
91 ft. 


The vertical lines measure the depth 
of water at the Station,while the horizontal lines 


measure the velocity —the dotted line indicating 
ebb, the broken one flood. 


hours out thetwelve (12) giving place the ebb only the most 
rapid fall the tide. flood stream, coursing along the bottom, 


102 ft. 


reaches its maximum velocity near the time high water; the highest 
rate observed being 1.82 miles per hour, powerful scouring force 
The greatest velocity the ebb the same point was observed 
0.25 mile per hour, force which according the observations 
Dubuat incapable overcoming the rolling friction fine sand. 


The surface observations this station indicate very great pre- 
ponderance the ebb current, but does not prevail persistently 
the flood the lower stratum.” 

These resultants are more clearly illustrated the diagram, Fig. 
which accompanied this report, and which exhibit forcibly the 
existence this great vertical eddy swaying with the tide. 


the observations for velocity and duration were depth 
ft., while the bottom was 102 ft. below the surface, and the 


839 


being the main factor cutting channels, and brings out the reaction Mr. Haupt. 
feature which has been little utilized hitherto engineering ap- 
plications. 


This report was 
made 1858-59, and revised 1862, but was not published. The follow- 
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resultant increases with the depth, probably nearer the truth 
place its duration hours the bottom, stated the paper. 

safe presume that maximum velocity 2.7 ft. per second, 
acting alone, will scour material from the bottom hole 102 ft. deep 
and will roll slope the level the bed the harbor, prob- 
ably ft. higher, when similar velocities will not disturb 
fine sand under ft. water down grade? Certainly, there must 
some agency other than mere velocity explain this phenomenon, 
The cautious engineer must take into consideration, and may utilize 
designing his works. 

Mr. Marindin correct his predictions possible extensions 
the breakwater case extensive deposits beyond the end the 
works, but this drift and wave bar, with practically clear 
effluent (excepting perhaps during Northers), and the reactionary 
effect the currents displace material lateral rather than 
longitudinal direction, rolling one side before reaching the outer 
end the breakwater, and this end curves create confluent 
streams certain stages the tide maintain the movement 
whatever sand may carried out, there has been appreciable 
deposit the outer end the work, nor any advance seaward the 
bar. The results speak for themselves. See discussion Mr. Pitts. 

sedimentary stream, different curve and location should 
ant factor will seen from the rapid movement the Galveston bar, 
resulting from the failure arrest the littoral drift the construc- 
tion the north jetty first; still better, the concave breakwater 
recommended Mr. Ripley 1883. The several efforts secure 
deeper water Aransas south jetty first also failed, because 
the bar advance resulting less depths. The effect the same 
that placing snow fence the wrong side railroad cut. 

The following statement showing the advances the bar 
Galveston, Texas, indicated the movement the outer 18-ft. 
contour, and taken from the blue prints official surveys made 
the dates indicated; measured from base” line joining station 
220 the North Jetty with the South Jetty beacon: 


From 
18-ft. contour. 
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Depth natural channel ft. crossing south jetty. Over 000 Mr. Haupt. 


ft. jetty work place 1896. The increased depths the chan- 
nel were secured and maintained dredging. The advance the 
bar seaward during the year from October 4th, 1894, September 
27th, 1895, was, therefore, 700 ft. little more than halfa mile, 
which was unprecedented. The ‘bar, which was originally about 
miles out, now over and still advancing. 

The writer coincides entirely with Mr. Marindin’s closing remarks 
the use parallel jetties the Brazos, while the case the 
South South West Pass too large problem embodied this 
discussion, and must consequently deferred. 

Mr. Wisner distinguishes clearly the necessity adapting the 
remedy the conditions tidal fluvial embouchement; also 
the need admitting the full tidal prism flood, and confining 
during ebb local path, thus changing materially the conditions 
equilibrium over that part the bar intended for navigation, which 
cannot done tidal inlets two tight jetties. The attempt 
accomplish has resulted the waste millions dollars and con- 
stant charges for maintenance sluicing dredging. 

While twin jetties have been successful the mouths rivers 
having estuaries, the writer does not think, already intimated, 
that single well-built and properly placed reaction jetty would not 
produce quite good results where there resultant littoral cur- 
rent remove the débris and prevent the advance fact, 
familiar with several very successful precedents. cite only 
one, single curved jetty 3000 meters radius has deepened its bar 
four-fold, where ‘‘for centuries before the struggle against the bar 
consisted prolonging simultaneously two jetties from either bank 
the river, leaving between them distance about 500 ft. 
sands outran the heads the jetties, the flats were extended and the 
bar reformed. Now (1889),* the bar has actually vanished,” 
and the tonnage has increased enormously. From this instance 
would appear that single concave curved breakwater the mouth 
river may produce the relief desired much less cost than two 
jetties, and hence becomes the better solution. This also confirmed 
the experience the mouth the Columbia River Oregon, 
which was begun Major Powell, Corps Engineers, A., 
1835, estimated cost 710 for half-tide jetty, sup- 
plemented raising high water, building short work 
Peacock Spit for increase The second jetty 
was not built, was found necessary raise the first high 
water intercept the sand successfully, and this, with the drainage 
the Columbia River, served produce sufficient depth. 


*Mémoire, Société des Ingénieurs Civils, ete. 
closing the discussion Grays Harbor 1896 was stated that the writer was 
error the proposition use two jetties the mouth the Columbia, and there 
was opportunity state the authority which is, therefore, quoted above. 
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Experience, thus far, Aransas does not indicate that the short 
spur the west side the wreck the Mary will ever required, 


since the currents, even the present condition the work, 


dantly able protect the channel from the eddy action referred to, 
and the fact that the breakwater detached from shore modifies this 
action greatly. The currents have built their own protecting barrier 
sand without cost anyone injury navigation. 

The jetties Galveston, Cumberland Sound and other points are 
placed too far apart co-act producing scour. This results from 
the desire admit much the flood tide possible and therefore 
lessens greatly the concentration ebb, and, since both flood and ebb 
movements follow the same path through the same area cross-section, 
there beneficial resultant, and dredging becomes necessity, 
while the bar moves seaward more rapid rate than before. This 
not similar the flood and ebb river where there resultant. 

few words Cumberland Sound, way illustration. The 
plan 1879, revised 1891, consisted two low jetties stone, 
having their outer ends parallel and about 900 ft. apart. Work was 
commenced 1881. The expenditure July 1890, amounted 
$479 550.28. The results were 
divided, the southerly one having ft. mean low water the same 
reported last 

reporting this site, 1879, General Gillmore said 
draught water that can carried over the Fernandina Bar (Cumber- 
land Sound) varies from ft. mean low tide, with exceptional 
depths ft. greater, and mean tide about ft.” Estimated cost 
071 023 give low-water depth the new channel 
ft.” 

The present depths between jetties, shown the chart 1898} 
less than ft., and there has been appropriated 787 500. Hence 
foliows that for each the, say, ft. depth lost between the jet- 
ties the cost has been about $298 000, while originally 
that each foot depth gained should have cost (estimating ft.) 
$260 000, making difference $558 000 per foot between the predic- 
tions and realities. The actual increase obtained dredging south 
the jetties, reported, was ft., makingthe cost per foot $893 750 
for temporary result secured after about nineteen years 

June 30th, 1897, the crossing the bar half mile south the 
jetties gave ‘‘depths only about ft.” Captain Carter then 
reported that the project has proved unsuccessful for the sole reason 
that funds have not been supplied regularly and adequate 


Report, Chief Engineers, U.S. A., 1891, 1560, seq. 
Report, Chief Engineers, A., 1898, 1326. 


The cost the dredging not stated, but not permanent and should capi- 
say, will probably not differ greatly from $25 000, the interest 
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amounts,” whereas, the writer’s opinion, the location and design Mr. Haupt. 


the jetties was largely responsible. 

submiting his revised plan, dated October 8th, 1890, Captain 
Carter recommended concave wall the north side the channel, 
thus intending dispense with the southerly jetty. This, says, 
would involve ‘‘the removal the central portion the South Jetty, 
which improperly located.” For this plan, including the removal 
portion the South Jetty, the estimate was 108 000, while for the 
original plan the estimate was nearly double; yet, after revision, 


the Board, after tonsideration all the conditions, does not advise 
any radical change the general direction the jetties originally 
proposed. does not think that single jetty the north side 
the channel, curving gently the south,would secure the deep water 
needed, but opinion that two jetties will necessary,” etc. 


view this opinion may instructive add that the last 
report available (surveys June, 1898) shows only 5.9 ft. between the 
jetties, instead ft., while the present channel crosses the south 
one, the outer end which serves protect crossing which has 
been opened the bar dredging under its lee; that the two 
jetties are absolutely useless for concentration and scour, serving 
merely sand arresters, and are serious obstructions the currents 
which they cross. 

The project was revised again 1895, and estimated cost 
350 000; and 1897 was recommended that dredging com- 
menced accordance with the adopted project, $50 000 being appro- 
priated for the purpose.* Work the jetties, the Atlantic Con- 
tracting Company, was suspended October 9th, 1897. The dredge 
boat could not work between the jetties because the shallow depth, 
worked south the South Jetty. clam-shell dredge was also 
put work open channel through the South Jetty depth 
about ft. The next season channel ft. depth was opened 
dredging the bar the jetty, but shoaled during the follow- 
ing months. The results secured, therefore, are wholly due dredg- 
ing, and are temporary character. 

remains connect the recommendations Captain Carter, 
single curved wall breakwater October, 1890, and its rejection 
the Board, with the plans the writer, stating that these plans were 
mailed Captain Carter, then charge Cumberland Sound, his 
request, May 5th, 1888, followed the discussion the adverse 
report the Board the writer’s plans,t March 28th, 1889, yet, 
after careful study the local conditions, the light the facts 
therein contained, (Carter), without the knowledge advice the 
writer, concluded recommend their adaptation his problem, but 

Report, Chief Engineers, A., 1898, page 1324. 


Discussion the Dynamic Action the Ocean Building Bars, being reply 
Report the Board Engineers, U.S. Proceedings, Am. Phil. Soc., March, 


| 
| | 


Mr. Haupt. 


844 DISCUSSION REACTION BREAKWATER. [Papers. 


which the Board declined endorse, with the results above. 
probably this action which Mr. Wisner characterizes ‘‘the deadly 
wisdom the Engineer Board which proved fatal the 

The opening paragraph Major Symons’ contribution creates the 
impression that unable distinguish, was also the Board 
Engineers 1889, between reaction breakwater, placed the crest 
the bar and having specific form and position, and ordinary 
jetty having its root shore and projecting groin into the sea; 
but the distinction radical and vital, and would seem that the 
mere assertion the lack originality, opinion, should have 
but little weight when not supported reference the alleged pre- 
cedents, which neither nor the Board have seen fit quote. 
Neither has the writer, after diligent search through extensive 
field harbor literature, been able discover any anticipation, even 
approximate, save that Major Ripley proposed, but never built, 
Galveston. 

view the claims made this part the discussion the 
single-jetty work done the Pacific Coast Major Symons, the 
writer feels constrained state that believed all his work was 
planned subsequent the publication the plans and the discuss- 
ions provoked thereby. 

The instance Grays Harbor cited was not discussed until about 
nine years after the writer’s earlier papers appeared, and ‘‘it 
every essential respect such reaction breakwater described,” 
stated Major Symons, then does not furnish precedent, but 
rather remarkable confirmation the soundness the writer’s 
plans, and becomes well infringement upon his property rights 
his idea. 

the writer stated his views the discussion 1896, will suffice 
refer the Transactions* this Society reply the expecta- 
tions; but the subsequent work done there will serve show how little 
actual resemblance there the reaction breakwater, for the jetty 
built the south side, connected with the shore, straight for 
considerable distance whence curves away from the channel (or 
convex, not concave), intended miles long, estimated 
cost and expected produce 24-ft. depths. other 
words, not solely tidal harbor; provision made for chang- 
ing the equilibrium ebb and flood for the development and utili- 
zation the reaction the ebb currents, while only partial barrier 
opposed littoral drift this structure, which different 
plan and location from that under consideration. 

The ruling depth shown the chart 1896 wus ft., and that 
the report 1898 remains the same, while the proposed jetty crosses 


Transactions, Am. Soc. E., Vol. xxxvi, 1896, 109. 
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the channel. would therefore seem repetition the un- Mr. Haupt: 


fortunate Government experience Aransas Pass 1885, excepting 
that the outer end the jetty convex the channel instead 
which much the worse for the channel. all events, 
since the jetty not yet completed and resuits are available, 
does not seem bear all the question precedent tidal 
scour resulting therefrom. This confirmed the admission that, 
after all, double jetties may required there, and they are estimated 

The next reference given, anticipating the writer’s plans, the 
single jetty Coos Bay, located and built under the writer’s direction 
and supervision, 1890 1895, which reaction breakwater,” 
Here, again, there lapsus the chronology, since the plans the 
writer were published 1887-88. How far, therefore, Coos Bay may 
anticipation even embodiment those principles may 
seen brief reference its history. 

The annnal report Captain Powell, 1886, says: 


plan build half-tide jetty deflecting dike about 


The amount expended $128 259.25. The original estimate cost 
$600 000. 

This is, therefore, only wing dam built the bank the stream 
inside the bar. was soon ‘‘submerged and injured and 
operations were last closed December, 

this point there rocky headland the south and sand 
spit the north. said that about once years the outflow 
sought shorter line bya breach through the north spit,” ete. Depth 
low water, The report 1898, made Major Fisk, Corps 

present approved provides for constructing two, 
high-tide, rubble-stone jetties obtain and maintain the entrance 


the bay low-water bar depth least ft. ‘The North Jetty 
600 ft. long and the South Jetty feet long.” 


also provides for sand fences the north spit. Estimated cost, 
466 412.20, independent the $213 750 expended the original 
project. operations have been confined the North Jetty. 


The channel was well south the jetty, but has since moved grad- 


ually back its normal position nearly parallel the line the 
jetty. 

The map accompanying the report shows the plan 
consist two jetties, the north one extending from the sand spit 
southwardly, canalize the effluent, then curving long sweep, 


Discussion Mr. Allardt, Transactions, Am. Soc. E., Vol. xxxvi, 1896. 
Report, Chief Engineers, A., for 1898, 2963. 


See Report, Board Engineers, Officers, 1890, pp. 2936-65. 
Part facing page 
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Mr, Haupt. convex the channel and extending seaward straight, westerly 


line parallel the companion jetty proposed from Coos Head 
and 1500 ft. distant therefrom. This chart bears the signature 
Captain Symons, and dated 1891. contains the following 
legend: 

construct two brush and stone jetties converging upon and 
crossing the crest the bar distance apart 1500 ft. 

Mean tide, ft. ins. Soundings feet show minimum depth 
ft., that whatever results were secured Coos Bay that date 
were due solely the renewal and extension the Powell inner 
jetty 1879, for which the twin jetties were substituted the Board 
1889, and which were not existence 1891. Naturally, under 
this project, the proper order procedure would build the 
North Jetty first, was done, thus controlling the movements the 
spit and protecting the channel; and this work, with the rocky head- 
land, should suffice, well placed, maintain the requisite depth, 
with the assistance the ample tide and rapid land drainage, 
characteristic the Pacific Coast. this date, probably over mile 
this jetty has been completed, and June 30th, 1896, the sum 
$738 750 was appropriated, but the gain depth resulting therefrom 
not stated this discussion. The Report 1898 states, however, 
the past year the channel over the bar had depth ranging 
from ft. mean low water,” while the Report 1892 also 
states that various times there were depths ft., and, when the 
channel was ft. further south, there were ft. low water 
across the bar. there was ft. water shown the chart 
1891 before the North Jetty was started, difficult, therefore, see 
wherein has materially aided deepening the channel natural 
scour, even with the large volume tidal and fluvial waters available. 

short, the North Jetty built Coos Bay sense reac- 
tion breakwater, such partially completed Aransas Pass, and 
the author fails understand how structure which did not exist 
1891 when the depths shown prior thereto varied from ft. can 
said have developed deep bar channel when the reported depths 
date, 1898, were ft. 

Neither the jetty the mouth the Columbia 
breakwater,” according the writer’s views and purposes. 
merely sand barrier serving arrest the littoral drift and thus 
reducing the work done the ebb stream; but, its outer end 
curves away from the channel, its reactionary effects are lost and its 
efficiency reduced. Moreover, the physical conditions its being 
exclusively tidal are wholly dissimilar. 

The allusion San Diego appears equally unfortunate 


attempt establish precedent. 1891, was reported that 
approved project contemplates the construction jetty about 500 
ft. long Zuninga Shoals, give depth ft. mean low 


| 


Papers.] DISCUSSION REACTION BREAKWATER. 847 


water over the bar, the present depth the same stage being Mr. Haupt. 


There was already another but crooked channel, having 36-ft. 
depths, and was proposed create new one different place 
building breakwater from Coronado Island cut off the drift 

Work the jetty was commenced September, 1893, and the 
latest report hand, 1898, states: 


work was during the fiscal year ending June, 
There now available depth ft. mean low tide. 
Total cost June 30th. 1898, $289 741.35.” 

Hence there improvement depth and condi- 
tions those Aransas, while the entire project was executed subse- 
quent 1887. 

this basis this analysis might extended indefinitely, but the 
writer believes that his statement, made, remains unshaken; that 
the incomplete work Aransas marks ‘‘a distinct advance the 
resources maritime engineers and appreciates the force the 
concession made Major Symons his opening that ‘‘some 
the most successful works the Corps have been accomplished 
adopting the main the principles enunciated Professor Haupt,” 
even though the references cited not appear show very great 
improvements, any, nor adaptation any considerable extent 
the principles. But the intentions are unquestionably good, even 
though the principles may not have been correctly applied. 

reference the alleged precedents the North Pacific Coast 
should noted, moreover, that Major Symons states the move- 
ment the channel Coos Bay was the Northward,” and hence 
the jetty was placed the north far side thereof, while Grays 
Harbor the had unswerving tendency move from 
north south, jetty was located interpose itself 
against this southerly movement with the hope and belief that the 
pressure the south would continue.” This jetty was, therefore, 
placed the far south side the channel. Thus, both 
instances, they are directly opposed the location adopted 
Aransas, where the jetty was purposely placed between and not beyond 
the resultant littoral and the channel, with such decidedly beneficial 
results, while, all other cases Government work the Gulf, the 
first jetty was constructed the far side the natural channels, 
with disastrous results and greatly increased This erroneous 
location, the far side, increases the work the ebb instead 
diminishing it, permitting the littoral forces carry material into 
the channel instead arresting the near side, which funda- 


Report, Chief Engineers, A., for 1891, 2961. 


Vide discussions Sabine Pass, Galveston, etc., Journal, Franklin Institute, 
and Proceedings, Am. Soc. 
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mental condition the design and location, which does not appear 
have been fully comprehended applied the engineers those 
works. writer has laid down the first desideratum, viz., 
keep the littoral drift from entering the channel. jetty the 
far side does not meet this condition, and therefore anticipation 
either the principle its application. 

While claiming similarity, Major Symons goes show radical 
differences, and the reasons therefore. calls attention straight 
jetties built ostensibly cause erosion and yet having groins the 
channel side protect them from undue erosion,” thus destroying 
large part their efficiency. That the work Aransas has withstood 
storms for over three years without material subsidence sufficient 
answer the query how was built. was one the pur- 
poses its plan, and with the submerged Government jetty reflecting 
the currents against its face may well that has not 
been undermined long ago. The gaps are undoubtedly serious 
menace the work. They were left the Harbor Company and 
were beyond the control the engineers, yet notwithstanding the 
losses water and entrance sand through them, the deepening 
the channel has been continuous. build the sill suggested 
the Board Engineers, and endorsed Major Symons, would, 
large extent, destroy the preponderance the ebb movements 
which the writer desired create; cause the groin fill with sand, 
the shore line extend seaward, deliver its drift front the 


channel, and re-create the bar front the breakwater. All 


which are avoided injurious. 

The opening the shore end was commended Marindin, 
Am. E., Assistant the Coast Survey, early Decem- 
ber 26th, 1889, when reported the Superintendent, follows: 


the good features Professor Haupt’s theory his objec- 
tion the closure beach flood channels. This strong point 


his system and contradistinction the plans generally sub- 
mitted engineers.” 


This strong point the Board’s plan would destroy. Mr. Marindin 
evidently has seen reason modify this opinion since. none 
the cases cited Major Symons this salient feature present, neither 
the concavity for reaction; nor the peculiar combination curves 
intended reinforce and protect the work from wave action the 
one side too great erosion 

The writer does not claim that the combination, partly built 
Aransas, panacea for allills nor that all its all times 
but for tidal inlets does believe that the results, un- 
der peculiarly adverse circumstances, stand unrivalled the history 
maritime works, and that its intelligent application will effect far 


more rapid and permanent results much less cost than twin jetties 
now applied. 
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the writer comprehends clearly the drift the argument sub- Mr. Haupt. 
mitted Major Ripley show that the principles embodied 
the peculiar structure built Aransas Pass are not novel, but, the 
writer has made claim having discovered new laws applied 
new principles, need make other comment than attention 
the new embodiment these old principles the breakwater 
which was located here with the assistance Messrs. Ripley and 
Wisner. 

the ancient harbor referred to, however, there 
will found some material differences between the curved jetties 
pairs the mouths sounds having large fluvial water compartments 
with several inlets and the case point. The extract from General 
Gillmore’s report 1881 shows two jetties, both curved and rooted 
the coast line, which asserted were successful,” yet 
the frequent use dredging machines.” This, certainly, 
very different construction and result from that Aransas, where 
there has been marked increase from single detached structure, 
without dredging, and which has been constantly deepening. 

The progressive improvement Aransas, due scour alone, may 
seen from the following surveys and reports: 


Depth 

Bar. 

Old jetty breached (500 ft. length) between December, 
1896, and May, 1897: 

Reconnaissance, February 5th, 10.00 
Pilots reported, June 15th, 11.00 

(by telegram) January 4th, 1899....... 
United States Coast Survey, February 1899...... 


These are the depths entirely across the bar, with depths both 
sides the old Government obstruction over ft. 

The writer would pleased more fully into the details the 
harbor works the Baltic, and make public some very interesting old 
charts, covering several centuries, secured during his visit these 
ports, but the length this discussion already too great. 
submit few excerpts from the report Assistant Davidson, 
1875, showing the local conditions From this 
appears that the longer mole the side windward regards 
the drift and not leeward; there also the usual phenomena attend- 
ing jetties pairs, but the more permanent and more easily 
maintained because its curvature, being coneave the channel. 
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Swinemiinde the Sound has three outlets. There 
tide the Baltic save that created winds. 1828, the depth 
was 6ft. constant current out from Stettiner Sound, sup- 
plied fresh water from the rivers Oder, Ihna and Ucker. The 
channel ft. depth not quite 175 yds. (525 ft.) wide. Two ocean 
steamers can pass without difficulty. 

The artificial channel composed two nearly parallel moles 
unequal length curving well the westward. The outer 
mole 115° circle having only yds. ft.) radius, and for 
two miles the deep water scours directly under its 

The west pier has parapet. The gales 1874 and 1875 carried 
away 250 ft. the east parapet bodily into the channel. The piers 
have been prolonged several times the deposits have taken place. 
The beach has made 1050 yds. seaward. What littoral drift there 
seems prevail from the eastward, and the deposit the westward 
partly from the Sound and partly from the littoral drift, but the 
increased depth not wholly due the piers, but part the con- 
stant use small dredger. The cost quite moderate and the 
results the most favorable yet seen upon coast subject heavy gales. 

conclusion, therefore, the writer unable find, the cases 
cited, solitary instance tidal entrance where there detached, 
concave, single, reaction breakwater, which has effected great scour, 
short time, with assistance from dredging, the face 
almost fatal obstruction, and little cost. such precedent. 
known exist would grateful learn its location. 

view the results already attained this reaction breakwater, 
and the efforts which have been made, first, prevent its introduc- 
tion; and, subsequently, modify destroy its practicability, 
believes that the work should carried completion upon the 
original plan contribution science and demonstration its 
ultimate efficiency. self evident that equally good results can 
obtained inexpensive work, without dredging, many millions 
dollars may saved, while the barriers which have long 
obstructed our commerce may removed much more rapidly. 


Notes from the Report George Davidson, Assistant, Coast Survey, 1875, 
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Discussion.* 


Henry Davis, Am. Soc. (by letter).—While the mr. Davis. 


subject for discussion seems confined the application electric 
motive power branch steam railroad lines, the members speaking 
this subject, the Annual Convention, June 30th, 1899, are evi- 
dently interested the problem whole and have not confined 
themselves lines.” Claiming the same privilege, the 
writer transmits the following possibly throwing some light the 
future development the use electric traction, not only existing 
steam railroad lines, but for new high-speed interurban transporta- 
tion systems. 

Reversing the usual order, some the writer’s conclusions are 
given prior the discussion, order that each step may followed 
more readily. The figures and tables may found have some errors 
(of which the author will glad advised), and, many cases, 
are only approximate; that they must not necessarily treated 
accurate their details, but they are safe their conclusions, and 
can relied upon this respect. 


(1) Steam railroads will, the near future, handle their suburban 
and short-distance interurban passenger traffic and mail, express, bag- 


Continued from August, 1899, Proceedings. 
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gage and light local freight carried said suburban and interurban 
passenger trains, electric motive power; and this, irrespective 
whether operating expenses are affected favorably unfavorably. 

(2) Steam railroads will not, the near future, handle their freight 
traffic (other than mail, express, baggage and light local freight carried 
suburban and interurban passenger trains), and long-distance pas- 
senger traffic any other motive power than steam locomotives. 

(3) Steam railroads may, under exceptional conditions large 
volume and great density passenger traffic over comparatively short 
distances, handle electric motive power, but such cases will 
infrequent. 

(4) New railway lines, connecting very large centers population, 
where frequent service much higher speeds than can attained 
now steam locomotives existing lines are conditions success, 
will operated electric motors. 

There are three conditions under which suburban and short-distance 
interurban traffic will handled profitably steam railroads con- 
verting electric traction: 


(a) Where units can light and frequent, and operated 
over comparatively short distances. 

Where gross receipts can increased the change 
system and mode operation pay for the increased 
investment and possible increase operating expenses. 

(c) Where competition parallel electric roads compels the 
change, save what traffic there is, irrespective how operat- 
ing expenses are affected. 


the future development steam railroad systems they will 
eventually operated jointly with surface electric railways, either 
through actual mutual ownership, traffic contracts, leases, etc. 

The above conclusions are obviously dependent upon what Mr. 
Prout properly defines traffic and not primarily engi- 
neering details operating expenses. 


Laws Passenger Traffic, 


The laws passenger movement are not well defined, and many 
them are illusive and hard determine; the causes loss gain 
are often largely matter individual judgment, that the follow- 
ing outline them must not taken any way exact. 

People travel from one place another from (1), necessity, and 
(2), pleasure whim. 

They are induced travel more less often according to: 

Total Cost from Point Departure Objective Point and Return 
Place Beginning.—As the total cost reduced, travel, due both 
fundamental causes, increased; presumably less rapidly than the 
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EXPLANATION Mr. Davis. 
Multiplier for 
Curve Vertical Scale 
2. Annual Increase of 100 
4. Percentage of Increase of Population of United States______----_--..--- 
7. Total Urban Population of the United States____-------~---------- 100 000 | 
9. Total Population of New York,New Jersey and Pennsylvania —------- 100 000 


176 
168 
160 
152 
136 
» 
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Mr. Davis. total cost falls. Note that the important factor the passenger 
total cost, and not cost per mile traveled. 

Total Time Consumed Making the Round the total 
time consumed reduced, travel, due both fundamental causes, 
increased, presumably less rapidly than the total time falls. Velocity 
transportation not primarily effective inducing travel, for 
makes difference the passenger whether carried miles 
minutes only miles. 


Total Conveniences Afforded the Passenger.—These may divided 
into: 


(a) Proximity departure and arrival points possible 
passenger traffic increases, but according known ratio 
distance. Wellington laid down approximate rule loss 
natural revenue for steam railroads 10% per mile removal 
from center population minimum, 25% per mile 
ordinary maximum and much larger percentage loss, even 
total loss, under certain conditions. Electric street railways 
have profited more this kind service, which they offer the 
public, than from any other reason; furnishing they give 
frequent and quick service, both which are the greatest 
importance their effect passenger traffic. Much less than 
mile, however, will make ruin the passenger traffic 
street railway. 

(6) Frequency the service. the number trips in- 
creases, will the passengers, but less rapidly than the head- 
way frequent service means less total time” 
consumed. 

(c) Character terminals, stations, roadbed, equipment, 
and, fact, all physical characteristics. That transportation 
system which offers, the same rate and time, better physical 
conditions, which give comfort even luxury the passenger, 
will not only secure competitive traffic, but induce that which 
would not otherwise exist. 


Total Population.—As the population served increases, the pas- 
senger trips per capita per annum increase, and somewhat faster than 
the inhabitants, unless modified density and distribution. 

Density.—As the density increases, probable that the rides 
per capita per annum also increase, but whether more less rapidly 

Distribution.—A long, narrow town will give more rides per capita 
per annum than square town having the same population. 


earlier publication the writer expressed the opinion that the increase was 
less rapid than the density, but wishes leave this open for further investigation. 
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EXPLANATION, 
Multiplier for 
Curve. Vertical Scale. 
Total Capital Stock, 500 000 


per Mile Track, Dollars 
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Character the Industries and Population.—The effect various 
industries and the kind population must have decided effect 
the passenger traffic, but probably according fixed laws, and cer- 
tainly according known laws. 

defence” offered for these laws other than what 
support they may obtain from the following discussion. 

management steam railroad, considering the question 
adopting electric traction, will naturally turn first data operat- 
ing expenses, for, its use should lower the cost per train car-mile 
enough more than pay interest the investment, then would 
advantage, even though there were other inducements, such 
increased traffic. While comparisons might made between the 
operating expenses steam railroads, which are now well known, and 
such electrically operated roads the Chicago Elevated Railways, 
the third-rail lines the New York, New Haven and Hartford 
Railroad, yet there are disadvantages doing which outweigh 
the apparent one more similar conditions than exist between the 
ordinary street railway and the steam railroad. should appear 
that the operating expenses electric street railways per car-mile 
are less than the cost per car-mile operated steam railroads, 
one can certain that electrical operation, applied the latter, 
will result reduced expenses. Whether not this reduction 
will enough pay for the change another question. For these 
reasons, comparison between the street railways and steam rail- 
roads the New England States has been taken basis this 
discussion. 

exhibit the relative merits the two systems installations, 
the following divisions are arranged tabular form and are treated 
order. The prefixion the word indicates 
that the item belongs exclusively one the other system and has 
counterpart the other. 

comparing the steam and electric roads New England, 
are more likely arrive correct conclusions, the population 
more dense, the miles road greater per square mile, there are many 
more examples study, and the statistics are more accurate and 
reliable, and cover longer periods. The word used 
designate ‘‘steam railroad,” while always indicates 
street railway,” following Massachusetts precedent; the 
difference being that the former operates its own right-of-way, 
while the latter occupies the public highway. This distinction 
desirable one cultivate, and should extended and used 
irrespective the mode operation; thus, road operating 
steam, electricity any other motive power its own right-of- 
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Mr. Davis. 
EXPLANATION. 
Multiplier for 
Curve. Vertical Scale. 
100 
per Mile Track, Dollars 
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Mr. Davis. 


Steam. 
Electric) 


Electric) 
Electric) 


(a) AND RENEWAL Way AND WORKS. 


Repairs earthwork subgrade. 

Repairs track. 

Repairs fences, cattleguards, crossings, etc. 
Repairs ground-return circuit. 

Repairs overhead-trolley line, third rail. 
Repairs electric feeder lines. 


Electric 


(Electric 


(Electric) 10. 


Ballasting. 


Rails. 

Track-laying, lining and surfacing. 
(Electric) 11. 
(Electric) 12. 
Signals. 

Telegraph. 


Stations and all buildings (including building for central 


Terminals. 


Passenger cars. 

Freight cars. 

Electric feeder lines and ground-return circuit. 

Central power stations (not including buildings which 


Discount bonds. 
Interest bonds, opening road. 
Taxes, opening road. 


Contingent and miscellaneous, not itemized, opening 


TABLE No. 
FIRST COST. 


(b) 


Engineering and surveying. 
Clearing. 


Grading, ditching, etc. 

Tunnels. 

Masonry, culverts, bridges, trestles. 
Fencing, cattle-guards, road-crossings. 


Ties. 


Rail bonding. 
Overhead-trolley line, third rail. 


power stations electric roads). 


Locomotives and tenders. 
Motor cars electric locomotives. 


are considered under Construction 


GENERAL. 


Office expenses, salaries, etc., opening road. 


road. 


TOTAL EXPENSES. 


Renewals rails. 

Renewals ties. 

Renewals ballast. 

Renewals poles, insulation third rail. 
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(Steam) 
(Electric) 


(Electric) 11. 
12. 


Electric 


Steam) 
Electric) 


Steam) 10. 


Electric) 11. 
Passenger-train services (wages). 
Freight-train services (wages). 


Electric) 14. 
Electric) 15. 


Renewals trolley, third rail. 
Renewals feeders. 


Repairs masonry, bridges, trestles. 
Repairs buildings. 
Repairs signals. 


Fuel for locomotives. 

Fuel for power stations. 
Water supply. 

Oil and waste. 


Repairs and maintenance locomotives and tenders. 


Repairs and maintenance motor cars electric 


locomotives. 


Repairs and maintenance passenger cars. 
Repairs and maintenance freight cars. 
Use foreign passenger and freight cars. 


Locomotive services (wages). 
Motor car electric locomotive services (wages). 


Repairs and maintenance power stations. 
Power-station services (wages). 


(c) AND GENERAL EXPENSES. 


Agents and station services (wages). 
Station supplies. 
Telegraph. 


Taxes. 

General officers and clerks. 
Legal. 

Insurance. 


Stationery and printing. 


Agencies and advertising. 


Contingent and miscellaneous, not included above. 


freight. 

passengers. 

property owned. 

property not owned. 


(e) 
CHARGEs. 


Interest bonds. 
Rentals. 


(g) 


GROSS RECEIPTS. 


Passenger receipts. 
Freight receipts. 
Miscellaneous receipts. 


Mr. Davis. 
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shall consider new line under steam-railroad conditions, first, 
and then change system existing railroad. 

The first cost (a) Right-of-Way and Real Estate” cannot 
affected any particular motive power unless the use electric 
traction permits the use sharper curves and heavier grades, thus 
avoiding large cuts Whileacoupled locomotive undoubtedly 
increases resistance,” this not sufficient any great 
moment. electric motors are applied every car axle, then trains 
the same weight, moved electricity, can surmount heavier 
grades than with locomotives, can pass over the same grades 
higher speeds. Hill climbing matter traction between driven 
wheels and rails, and the sustained horse-power the motor 
locomotive. With the power applied every axle, there part 
the load which remains unutilized for traction, but this cannot 
done the application steam, and has, yet, been only partially 
successful with electric motors. With the latter, their maximum 
power can called upon for indefinite time, because they not 
give out the top along, heavy grade. This advantage electric 
traction is, however, only apparent; first, because long trains are not 
yet satisfactorily controlled where motors are put every axle, and 
short trains two five cars have only half the axles supplied with 
power present practice; and second, electricity being confined 
suburban and interurban short hauls between large centers popu- 
lation, the additional cost avoiding heavy grades comparatively 
small, and, furthermore, they are not avoided the loss time 
would result correspondingly larger loss revenue. 

Under Construction find that items and apply 
electric traction only, while there are applying steam- 
locomotive traction only. These items might have been placed under 
the heading equipment,” part the things necessary electric 
traction replace steam locomotives, and which could added 
motor cars electric locomotives equipment for electric road. 
This phase the question will discussed under the heading 
The engineering electric line might cost more 
than that steam road, but not necessarily; the chief engineer 
was competent railroad man with thorough knowledge electrical 
engineering, the cost would the same; otherwise would 
increased that amount paid assistant engineer with special 
electrical knowledge, unless the line was costly enough warrant 
several assistant engineers, one whom could versed electrical 
matters. 

The cost surveying work. consisting reconnaissance, explora- 
tion line preliminary, location, and their modifications 
extensions, depending upon the importance the line, its cost, 
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Curve. Vertical Scale. 
1. Gross Traffic Earnings, in Dollars. .. .... .....—_— 100 000 
2. Total Interest on Bonded Debt, in Dollars _._____ ~~ 10 000 
3. ** Dividends on Capital Stock, in Dollars ~-_.__—~ 10 000 
4. Gross Traffic Earnings per Mile of Track.in Dollars _.__.__ 100 
5. Percentage of Expenses to Gross Earnings ~-~—-~~—— 1 
8. Gross Earnings per Revenue Train-Mile (Car-Mile ), in cents 1 
9. “ Expenses “ “ “ “ “ “ “ “ 1 


EARNINGS STREET 


Mr. Davis. 
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Mr. Davis. character city and country, etc., would the same either the 


cases under discussion for any specificexample. The cost clearing, 
grading, ditching, tunnels, masonry, culverts, fencing, cattle-guards, 
and those parts the system pertaining items, not 
affected the choice system. might thought, first, that 
the cost masonry would affected, lighter bridges and trestles 
could used with electric traction, but the weight and size 
masonry abutments, piers, footings, would hardly affected 
any slight changes the moving load, for they are much more 
dependent upon the weight the earth embankment which they 
support, and the character the ground upon which they are built, 
together with their height and length. they perform all their other 
functions, according the best engineering practice, they will usually 
found far more substantial than, theoretically, they need be, 
order uphold the weight the superstructure. Road crossings 
will the same; (the additional cost connecting broken 
third-rail system being included under item 12.) 

the design bridges and trestles, the principal elements which 
determine their cost are the span, dead weight, live uniform-load, 
concentrated live-load head trains (locomotive and tender), the 
speed trains, and the ‘‘hammer-blow the reciprocating parts 
steam locomotive, especially when coincides with the period 
oscillation bridge (very objectionable bridges which are too 
light). Electric motors, either geared the axles gearless (con- 
centric with the axle), have rotative motion, and therefore not 
produce the Owing the peculiar construction 
the electric locomotive motor car, greater proportion the total 
weight the driving wheels than the case with steam loco- 
motives; therefore, with the same tractive effect (weight drivers), 
the use electric locomotives motor cars reduces the moving 
weight the head the train, and the weight the tender saved 
the use electricity. These three facts, theoretically, would 
enable bridges and trestles built ligkter for rdads using electric 
motors, providing the loads were not concentrated upon smaller 
wheel base, were not for the fact that the necessity providing for 
constantly increasing weights practically offsets the theoretical saving 
which might made. motors were used every car the train, 
such structures might designed lighter and less costly, 
but, for reasons stated, this unlikely. addition, freight 
service should continue handled locomotives, the same 
tracks, adjoining ones, lighter bridges would not possible. 

The cost ballasting, ties, rails and track-laying, lining and 
surfacing will the same either case (drilling rails for bonding 
covered item 11), although small saving maintenance these 
items possible for electric traction (discussed under 
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EXPLANATION. Multiplier for Mr. Davis. 
Curve. Vertical Scale. 
1. Gross Traffic Earnings, in Dollars_—__. 1 000 000 
7 2. Total Interest on Bonded Debt, in Dollars ___-_____ ~~ 100 000 
A 4. Gross Traffic Earnings per Mile of Track, in Dollars __-~100 
| 5. Percentage of Expenses to Gross Earnings —~_---—~—-——1 
8 Gross Earnings per Revenue Train- Mile, in Cents. 
9 “ Expenses “ “ “ “ “ “ 
q 10. Percentage of Passenger Earnings to Gross Earnings 4 
11. “ “ Freight “ “ “ ee | 
12. “ « Interest and Dividends paid on } 

Capital Stock and Bonded Debt })_-_.___ — Yo 


160 
136 
128 
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Mr. Davis. which indicates that the first cost could reduced for the 


same cost operating; yet, this would poor economy, the 
quality, weight and general character should the same either 
case. the use electricity might, first, appear that the signal 
and telegraph system would reduced first cost, but the only 
possible saving would the source the current used, which 
forms small percentage the whole that for our purposes any 
difference can neglected. 

Stations would cost the same under similar conditions, whether 
steam electricity were used, although the electric road requires 
buildings for its centralized motive-power plant (that is, all but the 
transmission line and motors) which are not burden the steam 
road, yet these are doubt balanced round houses, coal stations, 
water stations and the larger machine shops required for steam locomo- 
tive repairs. Terminals will cost the same, whichever system used. 

far, have found that the first cost construction substan- 
tially the same, whether steam locomotives electric used, 
but, the latter are adopted, some additional work necessary, 
namely (11), rail bonding and (12), overhead-trolley line, third rail. 
will once seen that these items add considerably the cost 
construction electric road, compared with that road 
operated steam locomotives. 

example, which will show, general way, the increased 
cost electric-traction construction, let assume, without any 
pretension exactness, for each individual case will differ the 
amount increased cost, that the line single track, one mile long; 
average speed trains (including stops) miles per hour; headway, 
one minute; length, six cars (one being motor car); total weight 
train, 200 tons when loaded ultimate capacity; rails, per 
yard; average nominal 300 per train exert 450 H.- 
P., even more, required, for short periods); total maximum 
average nominal horse-power per mile track (one way) above 
headway, 900; average loss transmission, 20%; assumed average 
nominal horse-power station, 125 (allowing for loss and including 
surplus power), located one end the line. With these assump- 
tions, have the following approximate additional cost for construc- 
tion, electricity used. The electric return circuit would consist 
the two lines rail properly bonded with copper wires, two 4/0 
wires each rail joint, which would cost (copper, cents 
per pound), complete place, including terminals and drilling rails, 
cross-bonding the lines rails, which varies much practice. For 
our case, assume that this unnecessary, the bonds the joints 
are properly made and maintained with the care displayed other 
parts the system. The overhead-trolley line would iron 
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EXPLANATION. Mr. Davis. 


Multiplier for 


; Curve. Vertical Scale. 

‘2 4. Gross Passenger Earnings. (Same as Curve 1, Fig.4). - -_-_-_.._— 

| “ “ “ Train-Mile. (Same as Curve 8, Fig.4), 

8. “ “ Mile of Track. (Same as Curve 4, Fig.4), __ 


Passenger Rides per Capita per 
12. Receipts per Capita per Annum, 


PASSENGER TRAFFIC STREET RAILWAYS. 


Mr. Davis. 


866 DISCUSSION ELECTRICITY VS. STEAM FOR RAILROADS. [Papers. 


poles, center-construction (assuming that there would double 
track); trolley wire 423 200 circular mils; poles set every 100 ft., each 
weighing 300 lbs. (30 ft. and ins. and ins.) set concrete, 
would cost for one mile, approximately, 237 (one-half poles with 
brackets and feeder supports, etc., set $50 each; trolley 748 
cents; special line material, $500; labor, $400). 

recapitulate: One mile track equipped electrically will cost: 


(11) Rail bonding. this case the cost ground- 
return circuit not extra cost against the 
electric road, for the rails are used, they having 
sufficient capacity carry the current. (See 


$497 


Total extra per mile for electric trolley 


third-rail system were used, which probable where the road 
its own right-of-way and where high speeds and frequent service 
are necessary, together with longer and heavier trains than the single 
cars railway system, then the increased cost would approxi- 
mately: 


(11) bonding, before $497 
(12) 70.7 tons third-rail, special section, 
528 treated wooden supports 528 


Total extra per mile for third-rail electric 


The apparent difference favor the overhead trolley must not 
assumed exist generally; accidentally, happens less 
the first case than the second, while usually, long lines with 
dense traffic, the reverse would true. 

There being items applicable exclusively steam railroads, 
balance (11) and (12), seen that the first cost construction 
electric road will greater, and that this increase will amount 
several thousand dollars per mile track, depending upon the 
conditions existing each case. 

Under (c) Equipment,” the road equipped operate 
freight trains electric power, there are two possible ways doing 
first, using the present style freight cars and hauling them 
electric locomotives; or, second, equipping each car with motors, 
and thus making each independent unit. The latter would only 
feasible could the units coupled together and controlled the 
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EXPLANATION, 

1 Multiplier for 
Curve. Vertical Scale. 

1, Passenger Train-Miles. _ _ 1 000 000 

Passengers Carried one 000 000 

je 4. Gross Passenger Earnings, in Dollars ——— 1 000 000 

Receipts per Passenger per Mile Carried, 

| 6. “ Carried, in Cente... 1 

| 9. Number of Passengers Carried per Mile of Track__ _.100 

10. Miles Traveled per — 


11. Passenger Rides per Capita per Annum_—— — — 
12. Receipts per Capita per Annum, in Dollars 


Com. 
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Mr. Davis. 
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EXPLANATION FIG. 
Curves DEDUCED FROM Multiplier for 
Curve. Vertical Scale. 
per Mile Track Owned, ‘in 500 
Total Interest Bonded Debt, Dollars............. 100 000 
Dividends Capital Stock, 100 000 
Gross Traffic Earnings per Mile Railroad, Dollars 100 
Gross Earnings per Revenue Train-Mile (Car-Mile) Cents......... 
Curves DEDUCED FROM 
Gross Passenger Earnings (Same Curve Fig. 4)................ 
Number Passengers Carried per Mile Railroad............ 000 
11. Passenger Rides per Capita per Annum........... 
12. Receipts per Capita per Annum, Dollars............. 


head the train; but imagine and making train 
100 cars arranged this way any present known mode 
electric equipment, control and propulsion; fact, arguments 
seem necessary show the utter folly attempting it. The only 
feasible method evidently electric locomotives the head 
such trains. The best practical example this mode operation 
given the Baltimore Tunnel the Baltimore and Ohio Railroad, 
where electric locomotives haul freight and passenger trains, 
together with their steam locomotives. They the work satis- 
factorily, but the writer has seen claims advanced show that 
they are economical; fact, the only defence for their use one 
cleanliness and ventilation the tunnel, which more satisfactory 
passenger and, undoubtedly, attracts and stimulates it. The 
installation cost, the writer’s memory serves, over 000 for few 
miles track; that the interest this sum much more than 
enough offset any saving operation, even the latter can shown, 
which extremely doubtful. Such investment could not justified 
any grounds only freight were handled, although may 
increase the passenger traffic. Freight trains are slow-moving, heavy 
units, requiring large powers constantly applied, and are run com- 
paratively infrequent intervals. The effort all steam railroad man- 
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PREDICTIONS| STREET RAILWAYS. 


MASSACHUSETTS. 
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Mr, Davis. EXPLANATION OF FIG. 9. 
Curves DEDUCED FROM Multiplier for 
Curve. Vertical Scale. 
Total Interest Bonded Debt, 190 000 
Gross Traffic Earnings per Mile Railroad, Dollars............. 100 
10. Percentage Passenger Earnings Gross Earnings ............. 
Interest and Dividends Paid Capital Stock and 
Curves DEDUCED FROM 
Passengers Carried One Mile............. 100 000,000 
Receipts per Passenger per Mile Carried, Cents. 
10. Miles Traveled per 
Passenger Rides per Capita per Annum 
12. Receipts per Capita, per Annum, Dollars....... 


agers increase train-loads, decrease expenses per train-mile. 
apply the following argument and figures, changing the example 
moving heavy freight trains, will seen once that such traffic 
cannot now handled electric locomotives, involving heavy line 
work and large central stations (idle most the hours), for the main 
reason that interest first cost will more than offset the largest 
possible saving expenses. This saving would not exist, but, 
should, more than 50% would needed. 

Passenger cars would cost the same either case, the cost 
installing electric lighting and heating systems the cars would bal- 
ance the present gas lighting and steam heating systems railroad 
passenger cars. 

Should motor cars used, carrying passengers, there would 
saving equal the cost one passenger car per train favor the 
electric road. electric locomotive were used, there would 
such saving. every car were motor car, then the cost steam 
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locomotive per train would saved the case electric traction; 
this, however, would add the cost each car. This method not 
satisfactorily solved to-day, although short trains are operated with 
more less success. 

Steam locomotives and tenders are steam roads what motor cars 
(or electric locomotives), electric-feeder lines and ground-return cir- 
cuits, and central power stations (without buildings) are electric 
railways. show the relative costs, let again consider the former 
example. The feeder line would about two 4/0 wires 
bare copper, the company owns the right-of-way, and crossings 
public highways grade are unlikely roads the character are 
discussing; these would cost, place, $1117 ($1 012 for copper and 
$105 for stringing). will noticed that the trolley wire suggested 
much larger than that used general practice, and, has large 
carrying capacity, part its cost might have been included the 
cost feeders. the third rail were used place overhead 
trolley, explained before, this feeder system would unnecessary, 
the third rail when properly bonded has enough section 
carry the current. 

our example the area copper the overhead system 
846 400 circular mils, equivalent 920 mils diameter, which gives 
total cross-section 0.657 sq. in. 90-lb. rail has sectional 
area sq. ins. Taking the relative conductivity steel and 
copper find that each rail equivalent 1.5 sq. ins. 
copper, and both rails therefore, until the overhead 
necessity for any copper ground-return circuit, the bond- 
ing section the joints was the same that the overhead work. 
case the area both rails divided less than the area over- 
head copper, the copper ground-return wire should section 
equivalent the excess section overhead copper. This ground 
return can run the pole line and connected down the rails 
intervals, along the track, may seem best any given case. 

The central power station 125 nominal H.-P. could erected 
complete (without buildings included under for $50 
per H.-P., which would provide plant the most modern kind, 
giving the greatest economy (in the largest sense). general, 
would consist steel stack lined with fire-brick, water-tube. boilers, 
pumps, piping, condensers, heaters, blowers, direct-connected Corliss 
engines, direct-connected generators, slate switchboards, best indicat- 
ing and recording instruments, with all the best labor-saving 
and automatic devices which help make thoroughly successful 
plant. The total cost the power plant would $56 250. will 
not discuss the use electric locomotive, but assume the use 
motor cars drawing trailers, would only make small difference 
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the total amount given the example, which figures, any case, Mr. Davis. 


are only indicative. The same can said equipping each car 
motor car. 

the estimate 200 tons the weight 6-car train, one being 
motor car, the car bodies assumed are ft. over sills and ft. over 
all, with two trucks having four wheels each, the wheels being ins. 
diameter; car body weighing 22000 lbs.; trucks, 0U0 total, 
000 Ibs.; average maximum passengers, 150 150 lbs. each, 500 
lbs.; making the total weight the passenger car loaded 500 
The motor car assumed have four motors, one each axle, 
geared it, its total weight loaded being 112 500 (56.25 tons 
loaded, tons empty, all drivers). The trucks this motor car 
would heavier than those the trail cars, and with larger wheels. 
With two four-wheel pivotal trucks, the weight each driving wheel 
would 082 loaded, 250 Ibs. empty. The trail cars can 
assumed cost, complete, for steam electricity, about 500; 
the motor car complete, about $7000. locomotive and tender 
the same power and tractive force would cost about 000 (engine, 
700; tender, 300). will noticed that the heating cars has 
had consideration herein. While this would add the first cost 
electric system, increasing the required capacity transmis- 
sion line and power house, and would undoubtedly add the cost 
operating compared with steam-locomotive practice, yet available 
data are unreliable that discussion them postponed. 
recapitulate: the basis our example, see that items and 
the electric system equipment leave only item the steam 
side the ledger balance them, and this comes nowhere near 
doing. The New York Central Railroad, 1885, with 716 miles 
single track, had 337 (5.7%) per mile invested locomotives for 
passenger and freight service, and must have considerably more to- 
day. deduct investment for freight locomotives and compare 
with the following, gives some idea the difference first cost 


equipment against the electric system with only passenger service con- 


Ground return (in this case additional 
$57 367 

Deduct difference between motor cars and locomo- 
Total extra per mile for electric trolley road....... $51 367 


estimate 10-mile road ten times the above would unfair, 
for, unless the train density remained the same every 
power station were built for every mile, could not direct pro- 
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Mr. Davis. portion. general, the feeder system increases cost with the 


distance, while the power station increases cost with the weights 
moved and their speed. There would, undoubtedly, found condi- 
tions very light trains very frequent intervals over short distances 
where the larger cost locomotives and tenders would balance the 
items which usually make electricity the more costly; these conditions 
must more nearly approach those which now exist street railway 
evident that with units weighing tons, run 
intervals seconds minutes, any steam-locomotive system 
would prove undesirable, both its greater first cost and operating 
expenses. 

feeder lines and ground-return placed under 
the heading rather than under construction” for the 
purposes this discussion; system operated electricity the 
opposite course would pursued, and has been followed consider- 
ing ‘‘total expenses.” Central power stations” (all but buildings) 
would naturally motive power department, and are con- 
sidered herein. 

acter the system. few years ago, when the word “electricity,” 
applied street railways, was more attractive banking and 
investing circles, higher prices for bonds might have been obtained 
the use that system, but elements this kind are not within the 
scope this discussion. Taxes are based value, not cost, and 
are therefore unaffected any particular system. 

Should existing railroad change its motive power all part 
its system, the following items would represent the investment 
which would made, the interest upon which must either saved 
earned warrant it: 


Engineering. 
11. Rail bonding. 
Electric) 12. Overhead-trolley line third rail. 
15. Buildings for central power stations. 


(c) 
Motor cars electric locomotives. 
Passenger cars (trail cars, motors are applied 
every car). 
Electric) Electric feeder lines and ground-return circuit. 
Electric) Central power stations (not including buildings which 
are considered under 


(Electric) 


GENERAL. 
Discount bonds. 
Interest bonds opening road. 
Taxes opening road. 


Contingent and miscellaneous, not itemized, opening 
road. 
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TABLE No. York CENTRAL AND Mr. Davis. 


1885. 


716.05 miles single track.) 


Item. Cost per mile single Percentage. 

Grading and 749 18.9 
Superstructure......... 439 27.9 
Land and land damage 13.6 
Locomotives......... 337 5.7 
Passenger cars...... 574 1.4 
Freight 576 13.6 
Engineering......... 107 2.7 

$41 000 (approx.) 100.0 

Total capitalization.............. $53 600 


All other items would unaffected existing system. 
them detail: 

Engineering expenses would not great the case new 
line. Items and under Construction,” are applicable 
this case, already discussed for new lines. Buildings for power 
stations would additional cost, unless steam locomotives were 
entirely discarded, and old round houses utilized; this, however, 
hardly likely. Under practically all steam locomotives 
and tenders would utilized other parts the system for 
freight service, and therefore allowance need made for abandon- 
ing them. Items and under (c) Equipment” should new, and 
old equipment used elsewhere. Any attempt use existing trucks 
car bodies, either for motor cars trailers, would bad mistake 
was made the early days the change from horse electric 
traction street railways. Items and under the same heading, 
are also applicable this case, already discussed for new lines. 
against the change, proportion the cost the same. For all 
practical purposes, the total cost change system seen 
about equal the difference cost two new lines, follows: 


(6) Construction............... 734 per mile track. 


Taking 
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TABLE No. 


SUBURBAN AND 


NAME 


(19 roads). 
Hallowell Gardiner Rail- 
roa 


Bangor, Orono Old Town Railroad. 


Biddeford Saco Ry........ 
Lewiston Auburn Horse R...... 
Portland Cape Elizabeth Ry........ 
Portsmouth, Kittery York St. Ry.. 
Rockland, Thomaston Camden St. 


Totals and averages............. 
(31 roads). 
Danbury Bethel St. Ry........ 
Derby Street Ry.......... 
Fair Haven Westville 


Norwalk Street 
Norwalk Tramway..... 
Norwich Street 
Torrington Winchester St. Ry..... 
Bristol Plainville Tramway........ 
Central Railway Electric (New 


Totals and averages........ 


MASSACHUSETTS (103 roads). 
Arlington Winchester.............. 
Braintree 
Bridgewater, Whitman 
Brockton, Bridgewater Taunton... 


Brockton East Bridgewater........ 


Dartmouth 
Dighton, Somerset Swansea 
Fitchburg Leominster 
Essex Beverly. 
Greenfield Turners Falls 
Haverhill Amesbury 


et 


Valley (North Adams)....... 
Interstate Consolidated (R. 
Lowell, Lawrence Haverhill. 

Lowell Suburban 
Lynn Boston 
Marlborough 


(a) Estimated. 


Index No. Ry. 


DOT TO 


ending June 


1898. 


Total passengers carried per 
annum, 


816 115 
225 028 
337 860 
160 445 
666 
220 


960 578 


407 912 


823 669 
712 344 
898 363 


599 429 


439 285 
748 842 
816 113 
256 626 
726 
543 032 


434 105 


143 909 


981 702 
679 147 


063 234 


756 465 


mile single track oper- 


penses gross earnings. 
ated. 


operated (miles). 
Total passengers carried per 


Total length single track 
Percentage operating ex- 


Total car-miles operated per 


011 


210 
114 075 
267 


Davis. 
Hartford, Manchester Rockville 
Hartford West Hartford Horse 
S14 7.52 99580 167 592 
S16 11.91 105 476 223 
S17 12.56 39548 162 684 
2178863 21.48 101 673 671 274 
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mn 
20.15 4.97 $40 227 4.04 4.0 $26 982 $39 687 10.90 
680 18.46 5.02 $322 001 $28 839 $25 409 
15.67 7.88 599 1.99 323 046 15.49 
16.17 5.16 $731 025 3.62 $49 $50 229 
938 20.76 4.97 444 4.17 831 928 13.86 
281 25.82 4.89 339 5.27 19771 464 
267 20.01 6.16 134 014 8.24 8.0 787 12.84 
894 21.92 214 4.38 6.0 19558 881 15.64 
039 20.50 134 714 3.99 20465 083 14.02 
805 17.57 5.09 165 8.45 282 487 
980 25.98 5.04 448 938 5.15 401 14.68 
986 20.00 5.05 177 3.96 8.0 169 12.28 
17.24 5.10 952 3.38 967 15.60 


Includes cost electric lighting plant, which could not separated. 
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TABLE No. AND 


Norfolk Central (Dedham)............ 6.52 109 337 185 583 
Norfolk Suburban (Hyde Park)...... 1972521 10.95 180 188 423 986 
S49 809 869 7.80 103 803 189 073 
Southbridge Sturbridge............ 552 586 7.75 149 588 
South Middlesex (Natick)............ 1134670 13.07 86815 269 181 
Worcester Blackstone Valley...... 6.92 40665 110 098 
Totals and Averages Table No. 


Railways Rhode Island, New Hampshire and Vermont are not treated this 


should remembered that the figures the foot page 875 
are not exact, nor would fair multiply the number miles 
track equipped. 

evident that, whether new line built under the same condi- 
tions existing steam railroads, old system changed over, the 
first cost will against electric motive power; and overcome this 
disadvantage the operating expenses must reduced sufficiently 
more than take care the interest this additional cost; else the 
change must increased traffic which justities it. 

Wellington* gives table showing the distribution first cost 
the New York Central and Hudson River Railroad 1885, from which 
Table No. has been calculated. 


Theory Railway Location,” 71. 
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INTERURBAN (R. Com. Report). 


ASSENGER STB S38 
o> os an ne 
17.91 5.00 $83 3.58 $20 096 $19 351 
14.32 5.95 322 2.40 40179 545 10.20 
234 21.60 5.04 690 4.28 622 15.13 
19.51 5.13 3.80 6.0 16323 149 14.7 
16.17 4.99 48041 3.34 662 204 10.23 
033 12.78 5.00 14070 867 671 10.44 


Electric Suburban and Interurban Railways. 


680 18.46 5.02 $322 001 3.10 $25 409 
16.17 5.16 731 025 3.62 553 229 

201 20.79 5.14 755 217 738 13.2 


(d) No. roads taken each State. 

From Table No. find that the average cost per mile single 
track suburban and interurban electric New Eng- 
land $32 738, while the highest $58 851, and the lowest $11 463. 
Obviously, would unfair compare the steam railroad chosen 
with the foregoing average, the former must exceed the average 
its own class over per cent. Adding this percentage the fore- 
going average gives approximately $41 000 per mile single track 
fair comparative cost for electric interurban with the same 
standard construction and equipment the New York Central and 
Hudson River Railroad. The construction account such railways 
about the whole; the equipment 30% (including power sta- 
tions); and lands, buildings and other permanent investment about 
per cent. From the foregoing, Table No. has been computed. 
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TABLE No. 


Total length single 


track operated 


Percentage oper- 


expenses 


gross earnings. 


ating 


617 55.11| 
Totals and Averages Table No. 


| D> 
Rage 
(13 roads). 
| | 
(31 roads). 
618 845) 
Winchester Ave. (New Haven)....... 462) 
Totals and averages............. 24672 162) 
MASSACHUSETTS (103 roads). 
Boston 181 295) 
Commonwealth Ave. 447 
Framingham Union...... 636 673 
Plymouth Kingston C23 691 
Union (New Bedford)................ 
Worcester 637 221 
Totals and averages............. 235 670 539 
Totals and averages (omitting 54349 244 
New roads). 
Totals and averages............. 
Connecticut... 672 162 
Totals aud averages............. 


51.90 

55.11 


2 
= 
“S| on 
157 096 326 197 
106 331 
373 183 960 
175 925 155 854 
152 336 769 406 
156 889 2 228 982 
55 061 102 801 
115 427 883 731 
810 137 841 
004 226 263 
249 798 764 801 
206 495 435 431 


204 267 364 
156 511 463 110 
113 724 478 
100 137 111 966 

569 126 
227 842 280 612 
121 283 601 
188 535 107 962 
260 900 

181 650 
188 479 475 

383 711 
189 222 799 738 
152 336 220 980 
142 307 
254 388 121 402 

554 257 497 


385 961 284 


163 752 184 

0°8 178 740 

353 

201 124 635 

665 


284 438 
163 059 752 134 


109 555 701 398 
147 457 371 


No. roads taken each State. 


| f 
51.90| 
| 
6.36 
4.34 
i 29.09 
10.10 
61.60 
17.13 
19.96 
4.66 
10.26 
41.81 
333.31 
| 4 
14.46 
3.68 
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(R. Com. Mr. Davis. 

731 20.00 4.28 4.67 $58 864 $46 974 16.60 
221 12.68 4.78 2.64 571 097 10.06 
734 19.65 4.92 438 8.5 913 569 13.60 
454 22.49 4.64 003 4.84 5.0 963 986 16.83 
726 13.31 4.86 841 899 12.95 

204 19.01 4.80 $59 129 $62 517 12.04 

163 16.87 4.78 44635, 3.53 198 13.46 

| 
002 20.99 4.92 4.26 $37 854 $34 
180 16.77 $22 321 $24 832 12.89 
Electric City Railways omitted). 

825 22.97 5.15 $406 $34 016 16.68 


Railways Island and Vermont are not treated this table. 
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eo ners 
19 | 14651 165 
New Hampshire (1896)............ 037 €17 
Totals and 432 467 


Bok 
toe 
182.80) 71 79 054 
887.01; 65 (101 478 
1 590.95; 69 (207 982 
154.88) 60 (258 133 
51.11) 77 |109 555 
2 393.89) 67 (182 726 


Crry 


Connecticut 


New 
Vermont 


Table No. 3.—Electric Suburban and Interurban 
Railways (selected from total number New 
England) 

Table No. 4.*—Electric City Railways 
from total number New England)........... 

Table No. 5.—All Electric Railways New Eng- 
land (total number New England making 

No. 6.*—Electric City, Suburban and Inter- 
urban Railways (selected from total number 
New 


102 698 
112 376 
121 573 


TABLE No. anp 


+172 


111 839 855 
965 277 


432 467 674 


No. roads taken. 


; 
| | 64 
i | 
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ways (C13 


omitted. 
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TABLE No. 


(Approximate). 


| 


Per mile Per mile 
Per- Per- 


Grading and masunry 18.9 050 5.0 
Bridges, etc... 2.6 410 1.0 
Superstructure. 27.9 020 22.0 
9a, 1.35 410 1.0 
Rail bonding .......... 410 1.0 


Land and land damages......... 


Total land and 6.9 
feeder line and ground 100 10.00 


From Table No. see that items and constitute 
those which would increase the cost new electric line 
under steam-railroad conditions, change existing steam rail- 
road; all other items have already been shown the same, 
although varying, the table shows, the case street railway. 
therefore get approximate general figure $20 000 per mile 
single track the increased cost the electric railroad. This figure 
should treated with caution, any individual case, for might 
exceeded more than 100% under some circumstances, although 
approximately accurate average. 

either new old line there limiting factor which 
sometimes precludes the possibility using electric traction—the 
transmission electric power from the station the motor. Some 
problems show once that, owing the long distance and infre- 
quent trains great weight, electric transmission power would 
entirely too costly. Just where the line occurs hard define, 
depends upon distance, amount power, frequency trains, and 
their weight. few years ago was considered that about ten miles’ 
radius was the limit for one power house; this was before the days 
and multiphase currents. The development 
phase transmission has Jed many believe that this would make 


| 
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basis for this the reduction line cost the use 
high potentials and the utilization cheap sources power such 
waterfalls; but must remembered that the problem not solely 
question the original cost power, but rather the concentration 
power and its long-distance transmission coupled with cheap 
source, versus operation small isolated units—steam locomotives. 

the operation railways, whether electric steam lines, one 
requisite that the speed trains must controlled the opera- 
tor; the variations speed must numerous, and the change from 
one another must sufficiently smooth cause discomfort 
the passengers excessive strain any the apparatus. The elec- 
tric railway motor operating direct current has long been used for 
this work with satisfactory results, and its latest forms sufficient 
and serviceable under the rough usage which must necessarily 
subjected. 

With alternating-current motors the regulation speed more 
difficult. Until the recent development motors, the 
so-called motor was the only type worthy practical 
consideration. This type derived its name from the fact that neces- 
sity ran the same speed the generator which supplied with 
current. Obviously, therefore, the speed could not varied. 
Besides this, the motor would not start itself 
under load. Hence was unsuited for operating railway cars. The 
other form alternating motor—the induction motor—is capable 
speed-regulation limited extent, and continually being 
improved, that the future may see developments and improvements 
beyond our most sanguine expectations. Alternating-current 
motors have certain characteristics which would great 
advantage railway work. The most important these the 
absence the commutator. other words, there electrical 
connection between the stationary parts the motor 
and the armature rotating part, and, therefore, there exposed 
metal carrying current, and sparking due the use brushes. 

The use multiphase currents has the following advantages: 

(1) They allow some control the speed motors. 
(2) They provide for starting motors when loaded, but not 


when over-loaded the same extent direct-current 
motors. 


(3) They facilitate insulation. 
(4) They overcome some the effects induction. 
(5) They reduce the cost conductors. 


short, then, the motor, like the 
motor, presents the difficulties starting under loads well speed- 
control. The two-phase and three-phase motors have 


possible operate trunk railroad lines electric motors success- Mr. Davis. 
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Mr. Davis. overcome these difficulties certain extent, and they offer improve- 


ments over direct-current motors. 


(1) They require less attention. 

(2) They give less trouble from dirt, dust, water. 

(3) They have commutator. 

(4) They have moving electrical contacts (except special 

(5) There less danger burning out armatures. 

(6) They require renewal parts less frequently. 
The disadvantages their use can summarized thus: 

(1) They not start readily with over-loads. 

(2) Their speed cannot controlled readily. 

(3) Their efficiency lower. 


present the disadvantages outweigh the advantages, far 
the conditions railway work are concerned. 

seems, therefore, that the direct application alternating- 
current motors railroad systems not feasible to-day from 
practical standpoint; mainly for the reason that they not start 
under heavy over-loads, and they are not easily varied speed over 
wide ranges. 

Irrespective the motors, however, the alternating current can 
used indirectly operating railway lines. The method, brief, 
carry the alternating current from the power station point 
close proximity section the track. Here changed 
from alternating direct means the so-called rotary transformer, 
and then applied direct current the cars using direct-current 
motors, with the usual devices for controlling the speed. This 
method using the alternating current introduces extra trans- 
formation, with its concomitant loss, and its use confined cases 
where desired transmit power from distance. Alternating 
currents are better adapted than direct currents for transmitting 
power over long distances, because, with the use the latter, are 
now limited comparatively low pressures, either the generating 
plant 3000 volts) the motors (500 000 volts); while 
with the former can and thus utilize, between the 
generator and the motor, higher pressures than would safe either 
end. transmitting currents electricity over long short 
distances, there necessary loss transmission, due the power 
required force the current through the wires. This loss present 
all carrying current electricity greater less 
amount, depending upon the volume (amperes) current (squared), 
and the quality, size and length the wire. cases where large 
currents are carried long distances, the loss increased that 
requires special consideration. The principle involved all long- 
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distance transmission lines increase the pressure (voltage) Mr. Davis. 


high point practicable. This done because the same amount 
power can thereby transmitted, correspondingly reduced 
requiring smaller wire, the same less loss, since the 
power represented the product the current and the pressure. 
Hence, reducing the current, the energy lost the line reduced 
proportion the square the current. thus increasing the 
pressure and reducing the current, the original investment the 
transmission line can kept within reason, and the interest account 
reduced, well the loss energy the line. 

The limit which this process reducing the loss transmission 
can carried depends upon our ability insulate wires carrying 
high pressures. There difficulty using alternating current 
running potential 000 volts; for these pressures are 
common the outside mains lighting companies supplying alter- 
nating current for incandescent lighting cities and towns. For 
long-distance transmission, however, the pressure must raised 
least 10000. This now done successfully number cases. 
The Niagara Falls transmission line operated 000 volts, and 
the intention increase this volts, has not already 
been done; while there are installations the Pacific Coast where 
higher potentials are used.. How soon higher pressures than those 
now used will become commercially practicable remains demon- 
strated the development the use present electrical insulating 
materials, the discovery new. order obtain high pressures, 
intermediate step required between the generator and the line, 
known the step-up transformer, and another the other end 
the lines, known the transformer. Generators are 
built present deliver not much more than 500 volts, and usually 
run from 000 volts. The transformers take this 
voltage, and raise it, for transmission, 000 volts. 
the other end the line the voltage reduced the desired amount, 
similar manner, transformer and then applied 
the distributing lines, the rotary transformer, both, 
the case may require. High insulation therefore required from the 
transformer along the transmission line the 
transformer. The required insulation secured special 
construction the transformers, which are also filled with oil, and 


insulators special design attached cross-arms and poles adapted 
for the purpose. 


therefore see: 


(1) That the alternating-current motor to-day cannot applied 
directly operating railroad trains, either the axles the cars, 
the head the train locomotive, because the difficulties 


starting under load controlling the necessary variations 
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(2) That the alternating current can applied indirectly 
operating railways, because the facility with which can trans- 
form high potentials for long-distance transmission. 

Whether will pay utilize cheap source” such water- 
fall, concentrate the power into one station the line railroad, 
is, again, the question balancing the interest account the added 
investment for long-distance transmission lines, reduced 
operating expenses increased receipts. 

The reduction first cost minimum consistent with work best 
suited for the purpose great importance the construction 
any line. increase justifiable, unless will prove profitable 
investment itself; decrease, however, justifiable, the larger 
expenditure promises larger profit. Where expenditures can 
decreased, without materially lessening immediate traffic adding 
operating expenses, such decrease should made. The importance 
this seen when remember that the fixed charges (interest 
bonds and rentals) are really part the cost manufacturing 
transportation—to borrow expression from eminent authority; 
they are, fact, one the largest items the total cost running 
railway system; they increase somewhat faster ratio than the 
cost the line, and are the same every year, whether business good 
bad; and therefore emphasize the importance reducing the 
first cost the lowest amount consistent with true economy, and 
increasing the traffic its maximum, that the fixed charges may 
smaller percentage the gross receipts. must remembered, 
however, that the gross receipts are often enormously increased 
extraordinary expenditures, which case large investments may 
warranted, such terminals near large centers population, 
shortening line for moral effect and saving time competition, 
adopting new methods inducement increased use, 
idea the weight which should given this part the subject 
will had the comparison Table No. 


TABLE No. 
MASSACHUSETTS 
High. Low. Average. 


examining Table No. which show highest 
and lowest figures, but averages under ordinary conditions, see the 
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importance the item fixed charges, and the importance, there- Mr. Davis. 


fore, reducing the first cost. 


The importance reduction first cost, consistent with true 
economy, also clearly brought out by: 


Fig. rapid increase capitalization per 
mile track railways (40% which bonded indebt- 
edness, approximately). 

Fig. Curve 2-6.—Showing predicted increase Curve 
Fig. 

Fig. Curve greater increase bonded debt 
compared increase mileage railroads. 

Fig. Curve 9-4.—Showing predicted increase Curve 
Fig. 

Table No. 10. Capitalization Steam Railroads and Street 
Railways.—Curve Total Bonded Debt increase 
1870-1890, against 213% increase mileage the 
and 240% increase New York, New Jersey, 
Pennsylvania, Delaware and Maryland, against 
increase mileage, and 437% increase Massachusetts 
against increase mileage. increase 500% 
bonded debt street railways Massachusetts the 
same period, against increase mileage, does not 
disprove the statement, for this apparent decrease 
due the phenomenal growth street-railway mileage. 


first cost against electric traction must look reduced 
operating expenses increased receipts justification for its use. 
Let examine the former. Again refer our tabulated divisions 

have adopted the title literal sense, 
including all expenses every kind, that the difference between 
and gross receipts,” the right side, would 
give the amount which can considered the actual net earnings 
the line. which are generally treated the 
usual and ordinary expenses the system, include and 
renewal way and works,” expenses,” ‘‘station, terminal, 
taxes and general expenses,” and accidents, loss and damages,” but 
not ‘‘fixed charges,” although the latter form great percentage 
the actual total expenses, and have become necessity our indus- 
trial and financial development. The operating expenses include many 
items which not vary with the amount business the character 
the alignment—such salaries leading officials; maintenance 
way, works and parts the system, against that deterioration which 
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TABLE No. 10.—(Continued). 


Capitalization Steam Railroads and Street Railways 


Earnings Steam Street Railways 

traffic earrings per mile 
earnings per revenue 

passenger earnings gross earnings...... 


Passenger Traffic Steam Railroads and Street 
Passengers carried one 
Receipts per passenger per mile 

Number passengers carried per mile track........... 
Miles traveled per 
Passenger rides per capita per annum.. 
per capita per 


CMe 


interest and dividends paid capital 


213 
332 
266 


167 
280 


750 
766 
443 
152 


135 
104 
240 
155 


162 


Fig. 
215 
248 


Fig. 
400 


200 


128 


Fig. 
364 


Fig. 


205 
124 
437 
200 


Fig. 


150 
235 
140 


204 
202 
120 


100 
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Mr. Davis. 


TABLE No. INCREASE DECREASE STEAM RAILROADS AND RAILWAYS FROM 1870 1890. 


Curve. 


True Valuation Real and Personal 
New York, New Jersey and 
New York, New Jersey and 
Percentage increase the United States................ 
New York, New Jersey and 


Population Statistics 
Total population the United 
increase the population the United 
Density the population the United 
Total urban population the United States 000 and up) 
urban total population the United 
Total population New York, New Jersey and 


© 


ing New York, Philadelphia, Brooklyn, 
Newark, Jersey City, Camden, Ho- 
boken, Elizabeth, Long City, and 
Richmond 


RAILROADS. 


UNITED 


sign column. 


Characteristic 


|Increase. 


MASSACHUSETTS. MASSACHUSETTS. 


Per Per Per cent.| Per cent. 


Fig. 


Fig. 


| 
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Mr. Davis. produced only time, irrespective the amount business 


handled work done; salaries agents all kinds, many whom 
have employed whether business large small, etc. All 
these might called the operating expenses,” and, they 
often amount nearly half the total operating expenses, will 
prove instructive and remunerative keep railroad accounts 
show this. the total expenses the minimum consistent 
with true economy important reduce the first cost the 
lowest amount, bearing the same axiom mind. 

have two cases consider and compare with steam-railroad 
operation: First, central steam-power plants located along the 
proposed line; second, water-power located some distance from 
the line. The following applies both cases, unless otherwise indi- 
cated: 

system used. Repairs track, fences, cattle-guards, crossings, etc., 
renewals ties, and ballast are substantially independent the 
volume traffic; ties wear independently the tonnage, for the so- 
called cutting” ties due primarily the rotting away under the 
rail foot, accelerated somewhat, but almost inappreciably, the 
decayed material cut away passing loads. The total cost track 
labor affected only very small percentage the whole any 
change the amount traffic, provided the standard maintenance 
not increased; rail-renewals, track-watchman, and part the labor 
lining, surfacing, etc., directly applicable the track itself, are the 
only items which vary directly with the number 
three-fourths the wear steel rails caused the locomotive, and 
due more the great concentration load the driving wheels, 
which often nearly approaches the ultimate crushing resistance the 
rail, than the the reciprocating parts. Main- 
tenance crossings would unaffected the system used. For the 
reasons enumerated above, items and would unaffected 
cost maintenance, whichever. system were used. While some 
might claim that the renewal rails would less frequent 
electric system, must remembered that electric locomotive 
motor car the head atrain must have, concentrated the wheels, 
the same weight for the same speeds and loads, the only advantage 
being the removal the hammer-blow reciprocating parts. Should 
motors placed every axle, there would saving. steam- 
railroad practice this item amounts about the total cost per 
train-mile (see Table No. 11), that, should there saving 25%, 
would equal about the total cost per train-mile. 

Maintenance bridges and trestles should slightly less with the 
use electric motors, because less vibratory effects; maintenance 
masonry, buildings and signals would not vary cost with change 
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system. 


works,” that there are items exclusively applicable steam-loco- 
motive practice; but there are six which apply electric traction only. 
This arises naturally from the fact that these items occur under 
cost,” and must maintained. They are: maintenance (4) ground- 
return circuit, (5) overhead-trolley line, third rail, (6) electric feeder 
lines, and renewals (10) poles insulation third rail, (11) trolley 
third rail and ground return, and (12) feeders. The maintenance and 
renewals these constitute increase the total expenses 
electric road over those road operated steam. 

The additional expense these items, the basis all Massa- 
chusetts street railways, shown Table No. is, course, 
not strictly accurate, they not operate under like conditions, but 
the figures are indicative, that, with proper consideration this 
difference, they can used: 


(e) Repairs ground-return circuit 


0.50 cent. 
10. Renewal poles for overhead trolley..... 


The probability that these percentages are too low for the heavy 
powers and high speeds electric road operating under steam- 
railroad conditions. 

The next division that ‘‘Train Expenses.” The relative 
consumption coal steam locomotives and electric motor cars 
locomotives, while importance, not large percentage the 
operating expenses often imagined. rule, the attempt 
save fuel account has had more attention electric roads than was 
warranted, and has been made the sacrifice other and more im- 
portant items. 

Omitting results obtained from compound locomotives, the records 
which are not yet extensive those for single expansion, but 
which should show average saving approximately 20%, has 
been found that steam-locomotive practice, the character are 
discussing, the coal consumption per passenger-car-mile (exclusive 
engine) averages about 6.5 lbs. for cars weighing 20-25 tons way- 
trains, 30-35 tons through trains, and that about average 
added per car-mile for each tons’ added weight car. The 
average coal consumption passenger engine (say tons) 
about lbs. per locomotive-mile. assume six cars train, 


per our example, have 3.3 lbs. per car-mile for the engine and 9.8 
lbs. per car-mile for the whole train, including engine. 
present average practice steam railroads. 


This conforms 


find under and renewal way and Mr. Davis. 
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TABLE No. OPERATING EXPENSES 


ALL STREET (RAIL- 
ROAD CoMMISSION REPORTS, 1899). 


Ordinary division items total 
expenses. 
Total expenditures. 
(In nearest 000.) 
(3) 
(a) Maintenance and Renewal Per cent. 


Repairs earthwork sub- 


(e) 16. 


(b) Train 


Repairs fences, crossings, 


uit 


Repairs feeder lines. 
Renewal rails.. 


Renewal third rail over- 


Watersupply.... 


Repairs electric motors (car 
Repairs passenger cars. 
Use foreign passenger 
Locomotive services (wages). 


Motor car services (wages sim- 


Way and Works: 


rail overhead trolley).. 


ties..... 

third-rail supports 
poles for overhead trolley 


head trolley 


trestles, etc... ... 
Repairs buildings. 


Fuel for locomotives 


Oil and waste 


Repairs locomotives 


tenders 


equipment) 


freight cars. 
freight cars 


railroads) 


Passenger train services| 


(wages) 


Freight train services 
Repairs central power 


tions 


286 000 includes (6), (10), 


(7), (8), (9), 


(11), (12), 


Operating expenses 
per car-mile. 


(4) 
Cents. 


o 


Estimated. 


3 | 
(e) Repairs ground-return cir- 
(e) 10. 
(e) 11 
(s) 
(e) 
439 000 0.6 
(e) 


| 
4 
1s. 
4 
. 
7 
| 
q 
7 
| 
q 


Mr. Davis. 


896 DISCUSSION ELECTRICITY VS. STEAM FOR 


TABLE No. Ex- 


ALL MASSACHUSETTS STREET 
ROAD 1899) 


n 
Ordinary division items total 
expenses. 
(In nearest 000.) 
Fs 
oo 
(1) (2) (3) (4) 
(c) Station, Terminal, Taxes and Per cent.| Cents. 
General Expenses: 
Agents and station services 
General officers and 625 000 includes (2), (8). 5.0 0.6 
ae 119 000 0.9 0.1 
310 000 2.5 0.4 
Stationery and printing....... 0.2 
10. Contingent and miscellaneous, 
not included elsewhere)..... includes (1), (9). 6.6 
736 000 21.8 8.5 
(d) Accidents, Loss and Damages: 
645 000 includes (4). 5.2 0.8 
$645 000 5.2 0.8 
(e) Interest Account (discounts and 
cents per 
car-mile. 
Fixed Charges: 
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(11) 
Cents. 
0.53 


per car-mile. 


Total 11.95 cents 


ce 
3 


Per cent 
Decrease. 


affected, es- 


‘ 

‘ 

Unaffected. 
Unaffected. 


more increase. 


Per cent. 
Increase. 


SW © CVAD 


6.5 


(8) 
Per cent. 


(7) 


(6) 
Per cent. 
44 
1.91 
97 
49 19 
0.74 
5.20 


(5) 
6.5 
34.0 
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Table No. shows the average amount dry steam used per 
horse-power-hour various types stationary engines under dif- 


ferent conditions. compiled from large number actual 
tests. 


ARIABLE LOAD TIONS—RAILWAY 
Sreapy 125 Per Cent. Work, 
Type engine. 150 CENT. 


Con. Con. |Non-con.| Con. 


High-speed, 


Tables Nos. 13, and show the coal consumption per car-mile 
electric railways, and were compiled from information obtained 
1894-95. Over 600 railways were communicated with, from which 
have been selected giving the most accurate results. 

Table No. gives the road index number, the State where 
located, the car-miles, kind boilers, engines and coal, the field from 
which coal was obtained, the long tons coal used the given fiscal 
year, and the pounds coal consumed per car-mile. 

Table No. gives the average, highest and lowest pounds coal 
per car-mile, grouping the roads territorial sub-divisions and 
kinds coal, with the number from which the averages have been 
calculated. 

Table No. gives the average, highest and lowest pounds coal 
consumed per car-mile for different classes engine plants, with the 
number roads from which the averages have been calculated. 

While the ton-mile should properly the basis, yet the difficulty 
determining the number ton-miles has led the adoption the 
car-mile the best practical unit comparison. 

Table No. shows saving 36% between the high-speed engine 
plant running non-condensing lbs. steam, and the Corliss 
compound-condensing lbs. Table No. shows that the high- 
speed engine plant averages about lbs. coal per car-mile, while 
the Corliss compound-condensing averages about lbs.—a saving 
46%, sufficiently close the 36% given above indicate that the coal 
tables give fairly accurate averages. examining the coal tables 
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are led the conclusion that the efficiency each system approx- Mr. Davis. 


imately the same, for find, general, that, where the number 
car-miles high, the consumption coal per car-mile low. the 
North Central and Western States, where coalis not good quality 
the Eastern States, the consumption higher (assuming, 
safely can, for our purpose, that the economy various types 
boilers practically the same); with roads using hard coal there 
apparent higher average consumption coal, doubt due lower 
car-mileage and fewer cases, and engine plants, more economical 
apparatus used, the coal consumption decreases. would seem, 
therefore, that are correct assuming that the total efficiency 
each system approximately the same, though varying each part 
that goes make the whole. The variation from 25.9 maximum 
lbs. minimum shows the average approximate value this informa- 
tion. 

The amount coal consumed per car-mile dependent upon 
many conditions, often unknown, that this amount, any given case, 
cannot used predict what the consumption will another 
road; hence the importance taking large number cases upon 
which base average results, which may then considered fairly 
reliable for the determination possible results any new case. 
will readily seen that the amount coal consumed per car-mile 
depends upon the tons moved, the height through which each ton 
moved, the speed, and the efficiency the entire system. The first 
three are almost impossible obtain any large number roads 
from the ordinary records kept, and can usually secured only 
specially arranged tests. The efficiency the system depends upon 
that each part, such the boiler plant, engines, condensers and 
piping, generators, overhead line, ground-return, track, and equip- 
ment. High economy all but one part the system might cause 
the pounds coal per car-mile high, and therefore im- 
possible, without special test, determine accurately the cause 
low efficiency any given case. taking large number cases, 
and eliminating those which are evidently far from the average, get 
approximate information indicative what may expect. 

From Tables Nos. 13, and the average coal consumption per 
car-mile, under the best conditions electric street-railway practice, 
found about 8lbs. The average weight these cars, loaded, 
cannot exceed tons, that six-car train would consume 
per train-mile for maximum weight tons and average speed 
certainly not exceeding miles per hour; while with steam train 
the consumption would 58.8 per train-mile for maximum 
weight 200 tons and average speed miles per hour. 
compare with compound locomotives, Fig. considerable in- 
terest. indicates even greater saving than 20% which increases 
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Table No. shows the average amount dry steam used per 
horse-power-hour various types stationary engines under dif- 


ferent conditions. compiled from large number actual 
tests. 


TIONS—RAILWAY 
Type engine. 150 PER CENT. 


Con. Con. Con. 


High-speed, 


Slow-speed, triple expansion. 12% 


Tables Nos. 13, and show the coal consumption per car-mile 
electric railways, and were compiled from information obtained 
1894-95. Over 600 railways were communicated with, from which 
have been selected giving the most accurate results. 

Table No. gives the road index number, the State where 
located, the car-miles, kind boilers, engines and coal, the field from 
which coal was obtained, the long tons coal used the given fiscal 
year, and the pounds coal consumed per car-mile. 

Table No. gives the average, highest and lowest pounds coal 
per car-mile, grouping the roads territorial sub-divisions and 
kinds coal, with the number from which the averages have been 
calculated. 

Table No. gives the average, highest and lowest pounds coal 
consumed per car-mile for different classes engine plants, with the 
number roads from which the averages have been calculated. 

While the ton-mile should properly the basis, yet the difficulty 
determining the number ton-miles has led the adoption the 
car-mile the best practical unit comparison. 

Table No. shows saving 36% between the high-speed engine 
plant running non-condensing lbs. steam, and the Corliss 
compound-condensing lbs. Table No. shows that the high- 
speed engine plant averages about lbs. coal per car-mile, while 
the Corliss compound-condensing averages about lbs.—a saving 
46%, sufficiently close the 36% given above indicate that the coal 
tables give fairly accurate averages. examining the coal tables 
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are led the conclusion that the efficiency each system approx- Mr. Davis. 


imately the same, for find, general, that, where the number 
car-miles high, the consumption coal per car-mile low. the 
North Central and Western States, where coalis not good quality 
the Eastern States, the consumption higher (assuming, 
safely can, for our purpose, that the economy various types 
boilers practically the same); with roads using hard coal there 
apparent higher average consumption coal, doubt due lower 
car-mileage and fewer cases, and engine plants, more economical 
apparatus used, the coal consumption decreases. would seem, 
therefore, that are correct assuming that the total efficiency 
each system approximately the same, though varying each part 
that goes make the whole. The variation from 25.9 maximum 
lbs. minimum shows the average approximate value this informa- 
tion. 

The amount coal consumed per car-mile dependent upon 
many conditions, often unknown, that this amount, any given case, 
cannot used predict what the consumption will another 
road; hence the importance taking large number cases upon 
which base average results, which may then considered fairly 
reliable for the determination possible results any new case. 
will readily seen that the amount coal consumed per car-mile 
depends upon the tons moved, the height through which each ton 
moved, the speed, and the efficiency the entire system. The first 
three are almost impossible obtain any large number roads 
from the ordinary records kept, and can usually secured only 
specially arranged tests. The efficiency the system depends upon 
that each part, such the boiler plant, engines, condensers and 
piping, generators, overhead line, ground-return, track, and equip- 
ment. High economy all but one part the system might cause 
the pounds coal per car-mile high, and therefore im- 
possible, without special test, determine accurately the cause 
low efficiency any given case. taking large number cases, 
and eliminating those which are evidently far from the average, get 
approximate information indicative what may expect. 

From Tables Nos. 13, and the average coal consumption per 
car-mile, under the best conditions electric street-railway practice, 
found about The average weight these cars, loaded, 


cannot exceed tons, that six-car train would consume 
lbs. per train-mile for maximum weight tons and average speed 
certainly not exceeding miles per hour; while with steam train 
the consumption would 58.8 per train-mile for maximum 
weight 200 tons and average speed miles per hour. 
compare with compound locomotives, Fig. considerable in- 
indicates even greater saving than 20% which increases 
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State. 


oo 


Maine. 


Ohio 
Connecticut... 


New York 


“ 
“ 


New 


Ohio.. 


States (As per Census—1890). 


Tons 
‘used. 

| a 

Georges Creek, 5.4 

5.2 


Pittsburg, Pa....... 9.5 


| 
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TABLE No. 13—( 


STEAM PLANT. CoaL 


Road. State. Miles. Engines. 


Coal used. 


Kind. 

Pounds used 
per 


Pleasant 

CANADA 

364 4888 C.C.C Breton, B....| 456! 7.5 


See note under Table No. 15, for explanation abbreviations. 


the speed rises. Average practice gives about 5.5 lbs. coal per 
H.-P. per hour single-cylinder steam locomotives, but the char- 
acter the service makes likely have enormous variations, any 
given run. times this figure very much exceeded, and also often 
falls, under favorable conditions, 4.5 The conditions which 
produce such large fluctuations steam-locomotive service not 
exist the central power station electric road. the latter 
case cannot safely figure less than about Ibs. coal per 
H.-P. per hour. This may reduced exceptional cases, but will 
more often exceeded. Apparently, this decided saving favor 
the electric road, but only apparent. Let assume the follow- 
ing efficiencies, which are fair averages: Engine, 90%; dynamos, 90%; 
line, 80%; and railway motors, per cent. considering these 
figures must remembered that most the time the larger part 
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Mr. Davis. TABLE No. AND AVERAGE 


Per 


Locality. Number. 
Highest. Lowest. Average. 


Roaps. 


North Atlantic 23.7 5.0 10.65 
North Central 22.4 9.5 15.97 
Western 25.9 5.9 13.86 
Roaps Sort 
North 19.5 5.0 10.01 
Roaps Ustne Harp 
North Atlantic 23.7 8.1 12.78 


See note under Table No. 15, for explanation abbreviations. 


TABLE No. (As ENGINEs). 


Per Car-MILE. 


Highest. Lowest. Average. 
following abbreviations are used Tables Nos. and 15. 


| 
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the system running considerably below its rated maximum point Mr. Davis. 


economy; some engineers might place motors 80%, making the 
combined efficiency the entire system about 48.6 per cent. there- 
fore appears that, for given average horse-power required the 
driving-wheel move trains, double that amount, or, for safety, even 
more, must placed the central power station, making the coal 
consumption 5.1 Ibs. per H.-P. per hour the motor car, which 
but little better than the average single-expansion steam-locomotive 
practice, while compared with compound locomotives (4.4 
higher. must remembered, however, that have been compar- 
ing the 
railway results low 
speeds and light weights 
steam locomotives 
high speeds and heavy 
weights; and, while the 
efficiency present elec- 
tric railways probably 
less than they were 
operated under railroad 
conditions, im- 
probable that this ad- 
vantage would compen- 
sate entirely for the 
higher and 
weights which would 
moved under such cir- 
cumstances. 

note, bearing this 

13 


CONSUMPTION BALDWIN 


Steam Consumption, Pounds per / H.P. per Hour 


tional indication the 100 120 140 160 180 200 220 240 200 280 
correctness our posi- 

10. 
tion, that steam road, 


from which the writer has data, using over 200 000 tons coal per 
annum and operating over 000 000 car-miles, consumes about Ibs. 
coal per car-mile its locomotives. that the weight 
moved, this case, considerably more than double per car (exclu- 
sive other conditions), and that small detached steam plants are 
used, running high pressure and single expansion, this strong 
corroborative evidence. Turning Table No. find that the cost 
per train-mile the railroads the New England States about 
cents, cents per car-mile; this includes freight trains, which, 


The diagram, Fig. taken from paper Mr.S. Vauclain, before the 
Louis Railroad Club, ovember 1898. 


q 
ij 
| 
‘ 
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TABLE No. 16—(Continued). 
verage distance traveled per passenger (miles).......... 
passengers carried one mile (passenger-miles 
trips per capita per annum urban population 
trips per capita per annum urban 
trips per capita per annum urban 
trips per capita per annum population serve 
trips per capita per annum population serve 
earnings per capita perannum New England. 4.64 0.63 
Passenger earnings per capita per annum urban 
Passenger earnings per capita per urban popula- 
earnings per capita per annum 
(a) Reports 1898 are not hand this writing, but for this discussion this not essential, the relative difference being greater 
interest than the actual. 
This number includes all roads making separate reports the Railroad Commissioners; many them are owned leased one the 
large systems operating the New England States, but for comparison the above figure correct. 
(c) While the average number cars per train for the New England States not hand the Pennsylvania Railroad, from 1874 
1884, averaged 5.21 cars per passenger train; since that date the number per train has certainly increased. 
(d) cars per train. 
(e) Freight and passengers. 
for) 
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Mr. Davis. 


TABLE No. STEAM AND Roaps. 


New England States—Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut. 


Characteristic signs. 
item number. 


= 


Number roads ........... 
Total passengers carried per annum 
Total length single track operated ......... 
Percentage operating expenses gross earnings ........ 
Total passengers carried per mile single track 
Total car-miles operated per 
Total passenger-train-miles operated per 
Passenger earnings per mile single track operated...... 
Passenger earnings per car-mile 
earnings per passenger-train-mile operated 
earnings per passenger per trip (cents)........ 
passenger earnings per annum 
passengers carried per car-mile operated.... 
passengers carried per passenger-train-mile 
15|Percentage dividends paid .......... 
investment per mile single track operated ($) 
stock and debts per mile single track operated 
operating expenses per car-mile operated (cents)... 
expenses per passenger-train-mile operated 
earnings per passenger per mile 


STREET 
STEAM AILWAYS. 
Poor’s MANUAL. AND THE 
WRITER. 
Street 
railway 
steam Table No. Table No. Table 
railroad No. 
returns. 
172 1.18 1.82 
109 064 367 482 467 674 111 889 855 965 277 1.28 
65.00 69.00 0.94 
347 182 726 101 079 147 0.68 
157 429 890(c)(d)| 505 0.53 682 963 157 
527 186 2.03 218 0.72 
21.86(d) 1.08 20.79 20.28 
81.55 5.04 0.16 5.14 4.89 1.05 
410 597 618 755 217 554 674 1.26 
4.68 6.77 4.04 4.18 0.97 
19.00(d) 16.52 0.87 14.11 0.98 
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Mr. Davis. eliminated, would reduce the cost per train-mile and car-mile for 


passenger trains. Electric railways the New England States operate 
average 16.52 cents per car-mile. also see from Table No. 
that the average cost fuel for locomotives the total cost 
per car-mile (passenger and freight), while, for central power stations, 
5.4 per cent. Combining these figures and allowing for the use 
compound locomotives (but making deduction for freight trains) 
have 1.29 cents per car-mile for locomotive fuel and 0.89 cent per 
car-mile for central powerstations. The difference 31%, apparently 
favor the electric system, the light the foregoing data, 
due undoubtedly light weights, low speeds and including freight 
trains (say cars per train) the steam-railroad estimate cost per 
car-mile, and which would certainly disappear under steam-railroad 
conditions. 

The cost coal would depend largely upon the amount power 
necessary operate given road; for the larger the power and more 
frequent the trains the greater the saving the use electric 
traction. Many central stations, assumed produce horse-power 
lower cost than smaller units, really not, mostly due the 
fact that large part such idle many hours the 
day; and, although their maximum point economy they are far 
ahead small units, the question issue not cost horse- 
power the station,” but the cost horse-power the rim the 
driving wheels.” The cost this last-mentioned horse-power for 
electric traction not only made station expenses, but also line 
expenses and electrical equipment expenses, when compared with the 
cost the same horse-power produced steam locomotive. When 
these facts are taken into consideration invariably found that the 
controlling factor the headway trains; the less the headway, the 
more chance for electric traction pay, and vice versa, far the 
cost horse-power the rim the driving wheel concerned, 
affected the amount fuel burned. The figures given show this 
clearly. 

The cost handling coal would substantially the same with 
either system, there would only one coaling station either 
The cost water would undoubtedly greater steam-loco- 
motive practice, where must supplied various points along 
extended line; but short suburban roads, which our discussion 
limited, the steam locomotive could make round trip without 
requiring water, would have supplied only each end the 
line; and, the central power station would use much more water 
account larger horse-power and the use condensing, hardly 
likely that there would any great difference between the systems. 
The use oil and waste the motor cars should much less than 
that which necessary for the proper care steam locomotives; 
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TABLE No. 17. 
Case Fig. 11. 


(a) Unlimited amount water power. 

(b) Two sources power, each 100 miles from the line railway (85 miles long) 
and dividing the same into and 

(c) Development these water-powers cost more than eleven power stations 
Case (this highly unlikely, but favors Case against Case 2). 

(d) Three-phase alternating current 000 used from source power 


sub-stations, and 000 current from sub-stations railway 
motors (this favors Case1 against Case 2). 


Sections 8.5 miles long (44 892 ft.). 
Sub-sections 223 ft. long, all, each with sub-station rotary-transformer 
plant. 


(g) Three tracks, minimum headway each, three minutes; trains five cars 
each, being 8.5 miles apart. 


Each train will require not more than 000 H.-P. the stations, under eco 
nomical conditions. 
Each sub-station economical rating 000 H.-P. 


(j) either case, feeder lines along the line railway equal each other (this also 
favors Case against Case 2). 


(k) Allother conditions the same assumed previous article the 
writer.* 


Case Fig. 12. 
(a) Eleven power stations, one for each section and one each end the line, 8.5 


miles apart, each supplying current sub-stations with rotary transform- 
ers—sub-stations 2.125 miles apart. 


(b) Cost the eleven power stations, each 30000 H.-P., economical rating 


equal the cost developing water powers Case (favoring Case 
against Case 2). 


(c) Three-phase alternating current volts from power stations sub-sta- 


tions, and 000 volts direct current from sub-stations railway motors (this 
favors Case against Case 2). 


The Enormous Possibilities Rapid Electric Engineering Magazine, 
1897. 


electric motors can have their wearing parts run oil boxes, which 
are protection against dust and dirt, and automatically lubricate 
the surfaces subjected friction, but this cannot done the case 
steam locomotives. This saving electric system is, however, 
counterbalanced the use oil and waste the central power 
station, that unlikely that there would much, any, differ- 
ence. The Table No. indicate, however, that there 
saving about 50% each these items compared with steam 
railroad results. 

Thus far have considered electric line with power stations 
located adjacent the track and with the direct-current 
system. source power (waterfall), located distance, 
with the power transmitted the line, will reduce operating expenses 
below what they would the assumed method, then this saving 
can compared the results steam railroad; but, should the 
reverse true, the latter comparison unnecessary. example 
will best bring out the facts, and, while the case hypothetical, 
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Mr. Davis. careful the figures will satisfy one that the conclusion 
correct, whether not the estimates themselves are considered 
accurate. 

Fig. shows the layout railroad and feeder lines utilizing 
cheap source power (Case 1), while Fig. shows one for which 
power generated steam plants along the line the road (Case 2). 

Assume the conditions shown Table No. 17. 

From Figs. and will seen that the track, third rail, 
direct-current feeders, sub-stations, etc., will the same both 


POWER STATIONS 
SUB STATIONS 
SUB FEEDERS (HIGH VOLTAGE ) 
SSF HIGH VOLTAGE TRANSMISSION LINE 


SCALE OF MILES 


Fie. 11. 

cases. The amount the high-voltage sub-feeders Fig. 
11, which run from the point where the transmission line strikes the 

road the sub-station either way, would greater than that the 
high-voltage lines from the power stations the sub-stations Fig. 
12. The main point consider, however, the high-voltage trans- 
mission lines themselves (Fig. 11) from the water-powers the point 
where they strike the line the railroad. Under the above conditions, 
the interest the additional investment for these transmission lines 
from the cheap source power the railway line Case exceeds 
the difference between Case and Case cost power delivered 
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the sub-station supply feeders, then unprofitable utilize the Mr. Davis 
power. 

Our calculations, therefore, can confined the cost the two 
transmission lines Case each 100 miles long, from the two sources 
water-power the line railway, and the difference the cost 
producing power, the sub-station supply feeders. the interest 
the former exceeds the difference the latter, then unprofitable 
use the cheap source power. 

making the calculations, every care has been taken fair 


the distant source power, and wherever then any room for doubt, 
the source” has been given the benefit. 


* SUB STATIONS 
SUB FEEDERS (HIGH VOLTAGE) 
SCALE MILES 
0 5 10 15 20 
Fie. 


The calculation the pounds copper necessary follows: 


(Diameter wires 


Volts lost line. 
Watts Horse-Power 746 
Voltage transmission. 
Pounds copper 0.016 circular mils miles. 


Therefore, 


Pounds copper 262 000 
Horse-Power miles? 
(Voltage transmission) (Loss volts). 
For 100 miles transmission 000 volts, and voltage 
the line 209%, 000 volts the formula becomes: 


Pounds copper 158 Horse-Power. 
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This correct for direct current. For alternating, the inductive 
loss would increase the amount copper required obtain the same 
total percentage loss, or, the same amount copper were used, would 
increase the total percentage loss. the same time there would bea 
saving due the three-phase wiring system, which would partly coun- 
terbalance the loss due induction. The actual formula would have 
deduced for each special case wiring, but, the whole, the 
above formula, used directly, sufficient for our purpose.* 

the horse-power transmitted equals 20% loss 
(330 000 H.-P. delivered the railway line), the total amount 
copper necessary 175 000 

therefore make the comparison shown Table No. 18. 


TABLE No. 18. 


Allowable loss pressure from water-powers railway 

Total horse-power delivered railway line supply 

Total horse-power source power.............. 412 500 330 000 
Total horse-power each power 206 250 000 
Total distance power transmitted from each station 

Number sub-stations supplied from each 
Average length sub-feeders (miles)........... 10.625 
Number sub-stations each group sub-feeders.. ..... 


the total cost transmission line, amounting $25 000 000 (in 
round numbers), should added the additional cost developing 
the two water-powers 412 500 H.-P. against 330 000 H.-P. the 
eleven steam-power stations along the railway line. There should also 
added the additional cost feeder lines from the two railway ter- 
minals the transmission lines the sub-stations, against the cost 
feeders from the steam-power stations the sub-stations. While 
these two items would undoubtedly amount several million dollars 
the case under discussion, have omitted them, owing the dif- 
ficulty estimating the former without accurate surveys special 
localities developed; their omission favors Case far, 
have excess first cost $25 000 000 against Case compared 
with Case 


*The correct formula is: Circular mils 


where distance one way feet, 
total watts delivered consumer, 
690, 
and potentia! between conductors consumers’ end line. 
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Table No. estimate the cost our proposed transmis- Mr. Davis. 


sion line. 
TABLE No. 19. 


Right-of-way—two strips 100 ft. wide and 100 miles long about 


Engineering, $15 000 000............... 000 
Bridges, viaducts, submarine cables, say (an approximate estimate). 500 000 
Signals for guarding and repairing 200 miles 200 000 
Narrow-gauge repair track and equipment, 200 miles 000..... 000 
Feeders, 175 000 Ibs. cents 780 000 
Pole line, 000 poles set concrete $100 000 
Discount $25 000 000, 100-year 250 000 

Interest bonds opening road, say years constructior, 
averaging 500 000 per annum 3%...... 125 000 
Taxes opening road, assuming assessment and rate.......... 375 000 
Office expenses, salaries, etc., opening road, $15 000 000..... 300 000 
Total cost..... $25 310 000 


Table No. comparison the running expenses under the 
two conditions, based upon the calculations ‘‘The Enormous Pos- 
sibilities Rapid Electric Travel,” already referred to, the items 
being given percentages the total cost per car-mile run, and 
being reasonable averages (Table No. 11, Column 7). 


TABLE No. 20.* 


Repairs track transmission line, right-of-way ... 
Repairs fences, crossings, etc., transmission line, 

Repairs feeder lines transmission line, right-of-way 
Renewals poles and insulation transmission line, right- 

Repairs bridges and trestles transmission line, 

Repairs buildings transmission line, right-of-v way.. 0.1% 
Repairs signals and telegraph transmission line, right- 

Fuel for power stations...... 8.0% 
Average horse-power developed source power........ 412 500 330 000 
Add for excess power developed water-powers 


All other items being the same, the reader referred the other articles men- 
tioned this discussion. 
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From Table No. 20, that the items added the cost per 
car-mile the use water-powers located 100 miles away about bal- 
ance the greater cost fuel, water, oil and waste, repairs power 
stations, and power-station wages, where the stations are located 
close the tracks and operated steam power (each amounts 
per cent.). Hence the total expenses would practically the same 
for each case. the transmission lines cost $25 000 000, the interest 
thereon the total increase the expense utilizing the water- 
powers instead steam-power plants. This interest may figured 
($750 000), ($1 000 000), ($1 250 000), ($1 500 000), 
even 10% ($2 500 000), the case may require, good judgment dic- 
tate. The use, therefore, these supposed water-powers would 
decrease the earning capacity, instead increasing it. 

Let us, for the moment, assume that our calculations the operat- 
ing expenses with the use water-powers inaccurate, that many 
the items there greater saving, and that those having counter- 
part the other column can reduced materially. 


TABLE No. 21. 
Saving Cents per Car-mile which 


Interest. Car-miles. Total Interest. must take place allow the 
investment. 
10% 435 000 500 000 
1500 000 3.68 
250 000 2.90 
000 000 2.32 
750 000 1.74 


But 18% (total percentage items former table) cents 
(assumed cost per car-mile) equals 2.7 cents; that, the five interest 
rates, can afford have our figures wrong the percentage shown 
Table No. 22. 

TABLE No. 22. 
With interest 10% 266% (38% total) 
3% — 64% 66 66 (119% 66 ) 

unlikely that have made any such error would neces- 
sary show that, even with money worth only 3%, would pay 
utilize the water-powers the case have discussed. Furthermore, 
have favored Case every way, and more especially compar- 
ing 000-volt system with one 000 volts. 

Had used higher voltages our transmission line, the copper 
would have cost: 
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using higher voltages some items the first cost would re- Mr. Davis. 
duced slightly, but, these constitute more than 60% the total cost, 
whereas copper constitutes less than reduction the latter in- 
creases the percentage the former, although reducing the actual 
amount. Using 100 000 volts, the first cost would not less than 
$10 000 000; the interest this equals $300 000, and the corre- 
sponding saving per car-mile which must take place allow this in- 
vestment equals 0.7 cent; therefore 25% 18% (4.6% total) can 
allowed, even this case, for errors our calculation. 

The case have discussed shows conclusively that would not 
pay utilize the water-powers. But, may said, this covers only 
one problem. While this true, nevertheless this problem one 
chosen enable arrive general conclusion; for are dealing 
with very large amount power comparatively short distance. 
The larger the power used, the more likely that cheap 
source will prove profitable; the greater the distance over which the 
power must transmitted, the less likely that cheap source will 
prove profitable. 

These calculations have been given bring out clearly how unlikely 
that, even the use alternating long-distance transmission, 
trunk line, like the Pennsylvania Railroad, for example, will convert 
its entire system electric traction. This system, east Pittsburg, 
has miles railroad, 259.36 miles single track, 803 
locomotives, 1765 passenger, baggage and express cars, and 90527 
goods cars. locomotives were converted average horse-power 
300 each, this would make aggreate 216 360 H.-P. trans- 
mitted (allowing 20% shops and 50% the total horse-power the 
locomotives transmitted), while would have taken over many 
times the distance Apply the formula for pounds 
copper transmission line and see how enormously the weight 
increased the distance increases the case the Pennsylvania 
Railroad. The cost astonishing when one remembers the claims 
enthusiast who stated: ‘‘Where water-power always available 
within few hundred miles” ‘‘for desert railways, where water 
cannot obtained,” traction eminently suitable.” 

Repairs passenger locomotives and tenders steam roads 
average from cents per mile, with about 1.5 cents added 
for repairs tools, shops, machinery, properly chargeable 
power repairs.” Statistics electric roads are very imper- 
fect and unreliable matters this kind, not only because, the 
past, such roads have usually been operated those familiar with 
horse traction, and having little mechanical knowledge inclina- 
tion toward the precise methods steam-railroad management and 
operation, but because the constant change apparatus long before 


the old had given the life which could reasonably expected 
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Even had such data might wish from existing electric 
roads, they would only indications what might expected 
similar the one under discussion. From Table No. 
find that locomotive and passenger car repairs amount 9%, while 
motors, trucks and cars the electric railroads Massachusetts cost 
9.2%, which again favors the steam railroads; for this must 
added for power-plant repairs, making total 11.2 per cent. 

When remember the small horse-power involved, and the light 
weights and low speeds, hardly likely, with the large increase 

these necessary under steam-railroad conditions, that the cost repairs 
and maintenance the motive power road will any 
less than that steam road. regretted that more reliable 
and extensive data are not obtainable. Repairs and maintenance 
passenger cars would the same either system. The item use 
foreign passenger cars” the rental paid for the use cars 
other roads while retained, and course would unaffected the 
use any particular system. While the operation motor car 
involves far less labor than that steam locomotive and its tender, 
yet the danger that the operator might incapacitated makes 
necessary have two men the head the train, although one man 
would easily able all the required work. takes two men 
run the ordinary passenger locomotive, there would advan- 
tage one system over the other. would mistake save 
wages utilizing degree intelligence skill for motormen 
and their assistants than now used for engineers and firemen 
steam railways; the tendency this has cost electric street-rail- 
way owners many thousands dollars—more, fact, than usually 
realized. Passenger-train service would not affected the use 
one system the other. Central-power-station service addi- 
tional charge against the electric road. Were the operative method 
changed, train services (wages) would greatly increased, shown 
Table No. 11. 

now come (c) Station, Terminal, Taxes and General 
Expenses,” divided into ten subdivisions, none which affected 
the character road-bed, rolling stock mechanical apparatus 
any kind, but dependent upon the character the business 
handled, the mode operation and the volume traffic; therefore 
these items are unaffected the use any particular motive power. 
The same statements apply the division (d) Accident, Loss and 
Damage,” and (e) Interest Account.” 

Fixed charges includes bonds, and rentals; the actual 
rate interest bonds not affected the system used, except 
ways beyond the scope this discussion. have shown that the 
first cost electric system considerably greater than that 
steam-locomotive road when operating under the same conditions, and 
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only one case will less, namely, when the units are small, light 
and very frequent, when the cost locomotives would more than equal 
the natural increases caused electricity. 

Therefore the fixed charges electric system, under steam- 
railroad conditions will much higher, and this may vary from 
15% more increase expenses against the electric road, as- 
suming, course, that the cost each case covered bonds, which 
now usual. 

This inconsiderable item, the average fixed charges our 
present steam roads are not less than 20% the gross receipts, and, 
burden than can overcome inconsiderable savings items 
operating expenses (if such savings are even possible), such slightly 
lower coal consumption, motor car repairs and maintenance, bridge 
repairs and maintenance, track repairs and maintenance, which 
may claimed favor electricity some ardent advocates, irre- 
spective the intrinsic merits any given problem. 

recapitulate: see, Table No. 11, that the additional 
charges against electric traction, omitting interest increased fixed 
charges, amounts while the savings, allowing the maximum 
each case and all doubtful items, 2.02% against the 
electric system, with the largest all items not considered. 

From what precedes have shown that the following would 
additional charges against the electric road over steam railroad, and 
that they would not inconsiderable, especially the interest charge: 


Interest increased cost. 

Renewal and repairs transmission line. 

Repairs motors and central power plants. 
Central-power-station services. 


And the following the possible, but not necessarily probable, 
savings: 
Renewal rails. 
Repairs bridges, trestles, ete. 
Fuel for central-power plants (unlikely). 
Water supply (unlikely). 
Oil and waste (unlikely). 


These are items sufficient importance necessitate very careful 
study each individual problem before deciding upon change, 
even original installation. 

But some may say that the average cents per car-mile high 
for electric roads, and for first-class well-managed road, but 
cents for similar steam road. The Metropolitan Street 
Railway New York makes the statement that they operated 11.95 


Mr. Davis. 
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cents per car-mile, while article Cassier’s Magazine August, 
1899, the statement made that the Chicago South Side Elevated 
operated, the month December, 1898, 7.5 cents per car-mile. 
Both these figures must taken with great deal caution, and for 
the same reason, namely, the period during which both systems have 
been operation has been short, and neither yet knows what its true 
operating expenses are. Table No. (last column) indicates this. 
this table seen that the the Metropolitan 
Street Railway, most items which are unaffected time, are ap- 
proximately equal the average all Massachusetts roads, which have 
been running several years, while and renewal way 
and works” are about 25% the Massachusetts roads. General 
expenses” are also about 25%, and accidents about per cent. 
General expenses were distributed between cable, horse and electric 
systems; but, assume that these figures are correct, and that 
electric road can operated 7.5 cents per car-mile, even then they 
are not approaching the best steam railroad results. The Pennsyl- 
vania Railroad Division that system operated, 1897, about cars 
per passenger train and cars per freight train (both figures are 
probably underestimated); total train mileage about 000 000 
was made, divided into 000 000 passenger-train-miles and 000 000 
freight-train-miles. per train-mile was about cents for the 
total mileage. Taking cents the actual cost per train-mile, for 
either passenger freight, would have cents per car-mile 
operating expenses per passenger cars and 2.5 cents per car-mile for 
freight. This method estimating obviously wrong, for freight- 
train-mile must cost more than passenger-train-mile, but the former 
would have rise above the average $2.25 per freight-train-mile 
before the cost per car-mile would increase beyond 7.5 cents. Again, 
the average weight electric car may taken (10 
tons), that 7.5 cents per car-mile the operating expenses would 
0.75 cent per ton-mile, while the Pennsylvania Railroad Division 
operated 0.311 cent per ton-mile. 

making comparison the use steam locomotives and electric 
motors motive powers, seen that only where the units are 
many, light and frequent, and operated over comparatively short dis- 
tances, can the use electricity result lower first cost operating 
expenses; but this involves change the method operation for 
prove desirable. Where units are few, heavy and infrequent, and 
operated over long distances, the use steam locomotives will result 
lower first cost and operating expenses, and prove more desirable. 
Though this general statement may modified special conditions, 
such very high speeds frequent intervals, will generally govern 
determining changes, the choice one the other, the case 
newly projected roads. 
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Without trying define the exact limit beyond which electricity Mr. Davis. 
would injudicious, can state that, except for suburban traffic, 
and interurban traffic between towns short distance apart, electric 
traction to-day higher first cost and operating expenses; and even 
when used under such conditions, may still so, and success will 
only come with corresponding change operative methods. 

The fact that usually the first cost and the total expenses will 
greater with electricity than with steam might lead discard the 
thought using the former under any circumstances, were not for 
the question: How will our gross receipts affected the use 
one the other system? using electric traction can increase 
sufficiently the gross receipts per car-mile train-mile, and per 
mile road, can afford pay for the additional first cost and 
greater total expenses. This the vital question and the real one 
issue, although usually not but, general, the 
ment adopt electricity instead steam, discard the latter, will 
the increased travel which undoubtedly comes, greater less 
degree, roads using electric motors. 

Freight and miscellaneous receipts cannot affected any change 
motive power, our discussion will confined the effect 
passenger receipts. 


Gross RECEIPTS. 


examining statistics steam railroads find that the volume 
travel influenced such features the following Convenient 
location stations with respect centers population length 
trains (the four points just mentioned have overwhelming effect 
short-haul traffic) good road-bed and track neatly hand- 

some commodious stations, with first-class appointments and service 
comfortable and luxurious cars; block signals; cleanliness, etc. 
Profit proportional success obtaining that travel which enables 
each train run full, for the cost train-mile not affected the 
number seats taken and this travel which obtained line 
giving weight its location” and ‘‘appointments.” freight 
competition between railroads the rates are ultimately dependent upon 
the cost from consignee,” not from station station, 
and the railroad eventually pays the additional cost lighterage, 
switching, cartage, etc., and the profit thereon, whether actual 
difference rates loss business. 
The same true passenger will seen free omni- 
buses, reduction rates, Ifyou can take the passenger his 
own door and set him down his place destination, you have not 
only suited his convenience (and thus, shall see, induced him 
travel oftener), but have those receipts which otherwise 
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TABLE No. 


URBAN POPULATION (CALCU- 
—— w» n 
| | 
Rhode Island. 345 506 085 1085 272 571 439 


would have gone omnibuses, hackmen, and street-car lines. This 
the steam railroads have failed do, and clear that they cannot 
altogether away with these feeders natural their peculiar modes 
and conditions traffic but there little room doubt that many 
cases steam railroads can,modify their present methods, for suburban 
traffic out large centers population and for interurban passenger 
traffic branch lines between centers population, the use 
electricity, paying the additional first cost and greater total expenses 
out the probable (we might say certain) enormous increase their 
gross receipts. This, the writer believes, can accomplished only 
radical change the present methods making 
them approach, parts the system, the present 
door” plan our street railways, while keeping, the rest the 
system, the present methods steam railroads with possibly some 
minor modifications. accomplish this advantage, the use 
electricity will probably prove advisable, although some instances 
combination electricity with steam might give the best results. 
The great increase gross receipts and net revenue may, and very 
often will, decide the question beyond any possible doubt favor 
electricity, always remembering that the adoption electric traction 
means corresponding adaptation operative methods, and not the 
mere application special form motive power. 

Let consider some the figures bearing the problem. 

The Pennsylvania Railroad originally spent about 000 000 for its 
Broad Street terminal; the great St. Louis Bridge and Union Station 


Mr. Davis. 
a 
{ 
4 | 
| 
3 


Papers.]DISCUSSION ELECTRICITY VS. STEAM FOR RAILROADS. 919 


URBAN POPULATION (CALCULATED FROM 1890). 


1000 popu- and (omit-| and (omit- 

| 


(10) (11) (12) (13) (1%) 16) (18 


482 


cost many more millions; while the Market Street terminal the 
Philadelphia and Reading Railroad, the Union Station the Boston 
and Maine Railroad systems, the Southern Union Station the New 
York, New Haven and Hartford Railroad Boston, and the Grand 
Central Station New York are proofs the millions dollars spent 
railroad companies locate their terminals near the centers 
population. These expenditures were incurred almost entirely for 
the sake increasing the suburban passenger traffic, although giving 
decided stimulus through and competitive business. the 
writer’s opinion, our steam railroad companies can afford double (to 
use broad and inaccurate expression) these investments.to accom- 
plish what has been suggested above, reaping handsome return from 
the increased gross receipts from the passenger traffic thus obtained 
and encouraged. 

Taking the New England States basis for comparison—for 
there shall find the shortest hauls, the most dense population, 
the greatest number trains, and the most accurate statistics—we 
have from Manual, Railroad Commissioner’s Reports and special 
calculations the writer the various tables and figures hereafter dis- 
cussed. 

Effect Increased Population.—Fig. shows clearly the enormous 
growth population and railroad mileage the United States since 
1830, when steam railroads were just coming into existence. Street 
railways started about the same time, the first street car operating 
the New York and Harlem Railroad tracks, Fourth Avenue, New 
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1888 1898 (a). 
AVERAGE 
LENGTH OF 
(MILEs 
Percentage Percentage 
1888. 1898. 1888. 1898. 1888. 1898. 1888. 1898. 1888. 1898. 1888. 1898. 
Electric..... 21 914 $6 |14 1.4 | 90.2 172\41 402) 0.6 | 87.8 | 4.09 16.17 
Cable....... 18 20) 217 486° 3.6] 8.0) 2 777| 2 920) 11.1 6.2 | 12.06! 24.30 
ae 566 112 | 5 474 683 91.4 4.2 |21 786) 2 860) 86.6 6.0 | 9.67) 6.09 
Steam. ...... 35 27| 216 421; 3.6 | 2.6 |(b)423)(b)4 1.7 | 0.8| 6.17) 16.59 


(a) From article Mr. William Clarke, entitled Electric Railways America 
from Business Magazine, August, 1899. 


(b) Includes locomotives. 
This table evidently approximate, and was undoubtedly not intended exact. 


York City, November, 1832. would curious the near 
future (70 years after) some steam railroad should again change its 
mode operation approach the methods street railways. 
Curves Nos. and show the growth urban population (according 
United States Census those communities which have 000 more 
inhabitants), while Table No. shows the urban population Massa- 
chusetts down towns 000 inhabitants. 

unfortunate that the old horse railways have left few records, 
but Fig. showing the increase mileage Massachusetts from 1870, 
gives indication, while Table No. shows the growth street 
railways ten years, 1888 1898. The mileage street railways 
(16 000) when compared with that steam railroads (182 000) shows 
that the former are confined thickly populated areas, either within 
their limits connecting two more such areas. Their methods 
operation—small, frequent units—adapted itself such distribution 
inhabitants and not the longer hauls infrequent intervals 
shown the mileage steam railroads. 

The growth population and industries all kinds (including 
transportation) react each other, favorably otherwise, depend- 
ing upon conditions prosperity. system like the Pennsylvania 
Railroad could not have existed 1830, even though could have 
been operated low cost to-day. had suburban short- 
haul business its early days. 
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The concentration population into districts has come Mr. Davis. 


through the increased transit facilities such communities. The 
horse-roads first enabled growth which made necessary for the 
steam railroads increase their local facilities, which again reacted 
the population increase it, and then came the cable road 
reduce the time spent getting and out from the residential 
sections the business centers; this, turn, increased the radius 
urban population, and again the steam railroads reached out farther 
from the center population; all which encouraged concentration 
inhabitants, and the electric railway once more caused similar 
cycle events. 

There reason suppose that these conditions have ceased, 
and that this action and reaction have stopped. this enormous 
development the country which has allowed the constant increase 
investment transportation systems, and this turn has 
the carriage both passengers and freight. the growth transit 
facilities and methods the radius action the roads has increased 
constantly, and increased did the urban population and vice 
versa; but when our cities grow beyond the present radius action,” 
our transit systems must take another step. Some communities have 
already arrived there, and the solution will undoubtedly the equip- 
ment our steam railroads, running out and between those near 
together, with electric traction, thereby enabling them change 
operative methods approach present street railway practice, thus 
increasing gross receipts enough not only offset interest increased 
first cost, but reduce operating expenses per car-mile; for the increase 
present investments and traffic have also tended reduce the cost 
transportation per head. 

Increased Capitalization.—Fig. also shows the enormous 
increase mileage and investment street railways Massachusetts, 
where the density population high and has increased more rapidly 
than any other part the United States, shown Curves Nos. 
and6, because this increase, which still going on, 
that constant increased investments are warranted established transit 
systems, and which will induce our steam railroads handle increased 
traffic small, frequent units urban, suburban and interurban 
areas, operated electric motors, and thus also stimulate and again 
increase which will only grow much and then wait 
encouraged. 

Curve Fig. shows the tendency toward increased investment 
per mile; the drop from 1894 1896 indicates greater increase 
suburban than urban mileage, costing less per mile and thus reducing 
the average. Fig. shows how comparatively small was the percentage 
increase steam railroad mileage, but very distinct increase 
shown investment per mile (Fig. gives totals roads Massachu- 
setts, but includes mileage, etc., outside the State). 
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Increased Earnings.—Figs. and show the earnings 
street and steam roads Massachusetts. Attention also called 
Table No. 16, giving comparative statistics steam and electric roads, 
and also Table No. 10, giving the percentage increase decrease 
all items (curves) discussed and found the various figures, 
between the years 1870 and 1890. again see the constant increase 
gross receipts, especially the street railways against 
for freight and passengers steam railroads, being 120% for 
passengers only, Fig. Curve 4); and also the increase interest and 
dividends increased capitalization, some which not chargeable 
increased mileage (also much larger for the electrics than for the 
steam). 

The gross traffic earnings per mile increased the steam and 
decreased the street roads; the latter undoubtedly due the 
relatively large increase mileage; this curve, however, has 
characteristic which will shown future growth the 
years Curves and figures show the characteristic 
constant reduction receipts per car-mile train-mile, due in- 
creased mileage giving better facilities and thereby increasing the 
traffic slightly lower rate, both and fares; also reduc- 
tion operating expenses per car-mile the same increases. 

Effect Increased Traffic.—Figs. and (see Table No. also) 
again bring out the same characteristic comparisons the previous 
figure, and, addition, the following: Curve 10, Fig. indicates that 
passengers are hauled shorter distance, the average, every year. 
Fig. brings this out somewhat more clearly. the Eastern States, 
which are more densely populated, the average distance approxi- 
mately constant, but with tendency fall. other words, the 


proportion short-haul passengers total passengers rising the 


population increases and the rides per inhabitant per annum increases. 

the long-distance telephone system develops, its use will grow 
such point that will doubt havea decided effect long-distance 
passenger traffic, has not already. This will increase the propor- 
tion short hauls compared with long hauls, and the passenger 
business our steam railroads (or their partial development into 
electric railways) the future, will more and more largely that 
suburban and interurban localities. The increase total passengers 
carried was 308% the steam railroads and 507% the street rail- 
ways (see Table No. for totals), while passenger-train-miles increased 
204% and (car-miles) respectively. 

The receipts per passenger are constantly decreasing the number 
passengers increases, shown Curve each figure. The 
larger proportional increase mileage street railways has reversed 
the characteristic sign Curve Fig. (receipts per mile track), 
and Curve Fig. (number passengers carried per mile track), 
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AVERAGE 


Traveled Haul 
per Passenger. per Ton, 
1885 1897, 1885 1897, 


STATES. 


New England 

Central Northern 

Gulf and Mississippi 
Southwestern 


Traveled 


1886 1888 


Mr. Davis, 
18.49 19.20 103 
39.70 108 142 
47.76 102 136 
48,99 52.53 132 189 
59.88 56.31 159 
18, 
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Mr. Davis. when compared with Curves and Fig. showing the same items 
the steam railroads Massachusetts. Records not give the 
average miles traveled per passenger street railways. Whether 
not there temporary increase cannot determined; but, that 
the long run tends decrease, there little room doubt, although 
subject some variation. 

Table No. shows the increase passengers carried per car-mile 
street railways and the decrease per train-mile steam railroads. 


TABLE No. 25. 


1870. 1890. 
Number passengers carried per car-mile 
operated ..... 4.91 5.51 
Number passengers carried per train-mile 


This shows the increase train-mileage steam roads com- 
pared with passengers carried, while the reverse true street rail- 

Passenger rides per capita per annum and corresponding receipts per 
capita per annum have increased enormously street railways when 
compared with steam railroads. The number rides increases more 
rapidly than the receipts per capita; about twice fast steam rail- 
roads and more street railways, while the actual increase 
the latter has been 204% and the former 100 other words, 
the steam roads have been reducing fares more nearly approach the 
low charges street railways. 

These results show most clearly how the low fares (total cost per 
trip, not per mile) and service electric street 
railways have increased the passenger rides per annum and the 
number per car-mile that low fares are profitable. 1896, the rides 
per capita per annum were 116 for street railways and 44.5 for steam, 
while the receipts per capita per annum were $5.95 and $12.80, 
respectively. 

Effect Future Growth.—Figs. and are only indications what 
the future has store for railroads and railway systems Massachu- 
setts. The predictions have been plotted taking two points the 
street-railway curves corresponding 1885 and 1895 and extending 
the straight line 1910, while the points steam-railroad curves 
were 1880 and 1890. 

--Those curves which when extended give result contrary the 
have been thus marked. The number these 
shows the indicative nature the information and its lack exact- 
ness, together with the importance cross-references character- 
istic and other curves before arriving conclusion based 
averages any particular case. These curves might called pro- 
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TABLE No. CoMPARATIVE STATISTICS STEAM AND Mr. Davis. 


Srreet Roaps. 


CoMPARATIVE TABLE No. 16. 


Passengers carried per car- 
carried per 
earnings per 
earnings per 
earnings per 
earnings per 
operating 
Operating expenses per 
investment per 
investment per 


0.76 


(a) Estimated cars per train steam 

(b) Population served estimated the total New England. 

(c) Population served estimated that given Tables Nos. and 29. 

(d) Population served estimated the total New England for Column and 
that given Table No. for Column Table No. for Column and Tables Nos. 


and for Column 

jection” rather than prediction” curves; but, nevertheless, they 
indicate strongly the future, with its lower percentage earnings 
capital invested, lower cost operation, greater percentage operat- 
ing expenses and larger gross revenue coming from that enormous 
future growth passenger traffic low fares with electric propul- 
sion. 

When the population and real wealth become fixed, then such 
growth will cease, but only then, and will fluctuate with prosperity, 
but this condition far distant for the United States. 

Comparison City and Suburban Railways.—Tables Nos. and 
have been prepared attempt make the discrimination between 
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Davis. roads towns” (urban) and between towns” (interurban). Some 


those either table may more properly belong the other, but 
believed that the comparative results shown will borne out 
practice. 

Suburban roads have been placed Table No. where their 
characteristics conformed the requirements the table. Tables 

From these tables and from Table No. has been calculated Table 
No. 26, giving ratios statistics steam and electric roads. The 
first five items (1, and show the relative number, length and 
capacity roads, for these may affect the other items the lower 
part Table No. (5, 26, 11, 32, and 18). From 
this table have Table No. 27, showing characteristic signs, when 


comparison made according the notation the top each 
column. 
TABLE No. 27. 


ELEcTRIC 
ENGLAND 
2 2 = 


The characteristics brought out these figures are the enormous 
number passenger trips per capita per annum per mile track and 
per car-mile, and the greater total number carried the electric 
roads when compared with the steam railroads; also the larger 
earnings per mile track and per car-mile the electrics. The 
receipts per passenger per trip are only 16%, while the receipts per 
capita per annum are only 63% the steam railroads. The steam 
road gets greater receipts per trip, but carries each passenger longer 
distance, and has run disheartening number cars train-miles 
for the passengers carried. The difference due the short trips, 
high fare per passenger and car-mile, and the 
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service electric roads, while each trip delivered extremely Mr. Davis. 


Suburban and interurban railways carry fewer passengers per 
mile, per car-mile, and per capita per annum than city railways. They 
earn less per mile track, more per car-mile and per passenger carried, 
and less per capita per annum. They operate lower percentage 
gross receipts and about less per car-mile (Table No. 7), while 
they cost less. comparison such roads with steam railroads 
more accurate one than with city railways, but for obvious reasons 
could not made here. 

Population Served.—Tables Nos. 23, and 29, show the ap- 
proximate population served each road Tables Nos. 
locating any new line, essential know, nearly may be, the 
probable business which will secure. Upon its amount, the cost 
the line completed, and the probable operating expenses, will depend 
the profit the undertaking. What other similar roads have done, 
the criterion upon which base estimates, and the three prin- 
cipal units used are (1) revenue per head population (number 
trips per inhabitant per annum), (2) cost per mile, and (3) operating 
expenses per car-mile train-mile. The first that which are 
now interested. 

determining the gross revenue per head population, the usual 
method has been divide the United States into arbitrary sections, 
such the groups States Poor’s Manual (see Fig. 13), and 
dividing the gross receipts the inhabitants each division deter- 
mine the average amount contributed each individual. course, 
each person does not spend this amount, fact, some not contri- 
bute anything, while others expend many times the average amount 
each year. The passenger traffic any road can divided into the 
following general classes: 


Those who live adjacent the line and are compelled 
ride upon it. 

Those who are compelled ride but who can take another 
line just conveniently. 

Those who ride for pleasure. 

Those who come from distant place some other means 
conveyance and then ride upon the line for any the 
other three reasons. 


Those the first class are all odds the largest volume, and 
they are the most permanent, increasing decreasing known 
amounts stated census periods, would the best possible basis for 
our figures receipts per head population served.” The difficulty 
get this served.” attempt has been made 
these tables, order show how receipts would vary according 
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Mr. Davis. TABLE No. SERVED TABLE 


LAINE. 
Rockland, Thomastown Cam- 
Manchester ....... 500* 
Norwalk Tramway..... East Norwalk...|...... 
Central Railway Electric (New 
Total and average... 
MASSACHUSETTS. 
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No. AND INTERURBAN RAILWAYS. 


Old ...... 
Portsmouth (N. H.). 


Manchester Center.. 
Wallingford ......... 
Winnipauk 
South Norwalk...... 


Plainville Center.... 


Bridgewater..... 
Bridgewater..... 
Grovelan 


popula- 


capita 


Population served. 
per annum 
tion served. 


Population served. 
Population served 
Passenger trips 


Place. 
Population served. 


(9) (10) 


(12) 


312 |Great Works.... 


Gardiner 
790 


459 
827 


621 


Unionville. 


Fair 


Stamford 


ville 


Center 


| | | 


826 252 (c) 


Taunton......... 


191 George- 
town| 117 


Mr. 


Mr. Davis. 


Reference No. 


(Continued). 
Hoosac Valley (North 
Interstate Consolidated (R. 


Leominster Clinton....... 
Lowell, Lawrence Haverhill.... 
Lowell Suburban.. 


Millford, Hollister Framing- 


Fig. 16. Order according 


|Lowell......... 
|Marlborough......| 
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(3) (4) (5) 


3 

(6) (7) 
218 
317 
Lancaster .......| 201 
996 
380 
821 
Hudson..........| 


South Middlesex |Natick ............| 118 881 

Also— 837. Also— Also— 
Roton Point... Newbury.. 769 202 
Rowayton..... Newburyport 947 Melrose........ 519 
Woburn...... 


| 
(2) 
North Adams......| 074 
269 
696 
696 
| 
169 
7 
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No. SuBURBAN AND INTERURBAN RAILWAYS. 


Population served. 


Place. 


(8) 
Williamtown 


Methuen 


Boston 
Medford. 


Northborough....... 


as 
n°? 
= 
(12) (13) (14) (15) 


39 739 48 
442 
439 
157 594 
290 

681 
780 


195 
Spencer... 


41. Also— 
384 
Medway....... 985 


Also— 
Spencer....... 747 


Estimated. 


(a) Where populations are omitted, the census made return; 
for approximation 500 inhabitants are assumed each 


case. 

This total 24615 less than the column foots up, due 
repetition several cities the table. 

(c) were omitted, this average would 51. 

(d) This total 631 546 less than the column foots up, due 
repetition several cities the table. 


Mr. Davis. 
(9) 
031 
668 
801 
155 


2 | 

5 ow 


MAINE, 


Calais St. Ry...... 
Bridgeport 
New Haven St. 
New London St. 
Stamford St. Ry....... 
Winchester Ave. (N. Haven).... 


Waterbury Traction............ 


Total and average........ 


MASSACHUSETTS. 
Boston Elevated ..... 
Commonwealth Ave. 
Framingham 
Electric.... 
Globe (Fall River).. 
Pittsfield 


Wellesley Boston....... 


Worcester 


Total and average 


astonbury 

New Britain........ 519 
736 
Hartford ........ 455 
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Also East Bridgeport.... 
890 


Mr. Davis. TABLE No. SERVED Roaps 


o 
| 


| 


Cambridge......... 


Kingston. 


Nashua St. 


348 


C13. Also Newton.. 879 
Somerville 152 
Arlington. 629 
103 
Watertown 
Medford 079 


Hartford. ...| |Withersfield....... 
New Haven..| 298 |East Haven........ 
New Haven 298 Rock........ 
448 477 
848 
Holyoke.....| 687 
128 446 


q 
7 
q 
| 
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Population 


eee 


(N. B.) 


Place. 


Westbrook.. 


Naugatuck...... 


Stoughton........... 


| 


served. 


Population 
Place. 


(a) 


954 


Fairfield....... 


218 


909 
946 
852 


Everett........ 
Holbrook...... 


served. 


Population 


068 
474 
474 


served.. 


Population 


opulation 


served 


capita per annum 


Passenger trips per 


077 050 Longmeadow..| 183 489 177 


Randolph.......... 


498 

946 

384 

ulations are omitted, the census made return; for approximation, 500 
nts are assumed each case. 

272 less than the column foots up, due repetition several cities 


table. 


served, omitting 18. 
per capita per annum population served, omitting 


Mr. Davis. 
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the basis estimates, and how much care must taken not led 
astray any given case. assume that the steam roads the New 
England States serve the entire population, get gross receipts per 
head, equal $7.32, and they undoubtedly serve this population, 
were about build the Boston and Albany Railroad (assuming 
did not exist), could properly use this figure, multiply the 
total population and say that would the probable receipts; 
should take the population within the limits division (1) 
who live adjacent the line and are compelled ride upon 
it” and multiply some higher figure, determined from other simi- 
lar cases? The latter appeals one likely produce much more 
accurate results. Table No. gives the various amounts per head 
per annum for various assumed populations served,” from urban 
communities having, according the United States census, popula- 
tions 8000 and upward, and including towns 1000 and 
upward. These divisions population are not advanced the 
proper ones, for they are not, but bring out clearly what has been 
said before. 

Turning Tables Nos. and 29, see great fluctuations the 
rides per capita per annum; this partly due many causes, such 
population, density, distribution, etc., etc., but also due inac- 
curacies determining population served.” From the tables 
seen that the entire populations towns are repeated for several 
and are considered being served and serving these roads; this 
necessary unless can divide the territory, which would most. 
difficult. If, however, and can be, the results would 
most interesting and instructive. the divisions have made, 
shown clearly that suburban and interurban roads either not 
serve great population the aggregate those forming their 
terminals and through which they pass, else the receipts per capita. 
per annum are less from those they serve. matter fact both 
propositions are probably true. Our average Table No. 
would have been increased materially had road (Boston Elevated) 
been included with its 266 rides per capita per annum, but the result. 
would not have been accurate for application other problems. 

Effect often hears the eompetition which elec- 
tric parallels have brought our steam-railroad systems. This has been 
exaggerated greatly, for most the electric railways did not 
exist until created low cost and frequent and quick service, 
although, certain isolated cases, the building electric parallels has 
temporarily drawn away traffic from steam railroads, only re- 
covered the total volume naturally increased. This fluctuation and 
recovery traffic, parallels which changed motive powers, has been 
shown clearly the building elevated and street railways New 
York City. The Third Avenue Elevated decreased the traffic 


| 
Davis. 
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the horse surface road cause alarm the stockholders; the con- Mr. 


version the horse railway cable road decreased the travel 
the elevated, which was subsequently more than recovered. 

Fig. gives good example the decrease traffic the Man- 
hattan Elevated Railway New York City, operated steam loco- 
motives, due the increase speed and frequency service the 
Metropolitan Street Railway its changes from horse traction cable 
and electric. The loss the elevated road from 1893 1897 was 
approximately 000 000 passengers—part which was due the 
financial depression throughout the United States, indicated the 
dip all curves Fig. 15; how much this amounts impos- 
sible determine and most difficult estimate, but approximation 
can made from the retardation increase shown the curve 
Fig. 15, giving passenger trips all electric roads Massachu- 
setts.. Projecting the curve connecting 1893 with 1897it would 
indicate natural proportional increase 1894 17000000 more 
passengers than actually took place, which represents approximately 


Trips 


150,000,000 
1890 1891 1892 1893 1894 1895 
Fia. 14. 


the retardation due the financial depression, about 7.7% the 
total traffic. assume the same loss, from the same cause, the 
elevated railways, about 000 000 the above 000 000 loss 
accounted for the industrial depression, leaving 000 000 loss due 
competition. During the same period the Metropolitan Street Rail- 
way gained about 110 000 passengers, nearly five times many 
the elevated roads lost. The mileage both roads remained con- 
stant, nearly so, the Metropolitan curve are included, for the 
years taken, all roads now owned operated thiscompany. These 
years also cover the change motive power this system. This in- 
crease traffic the street railways New York undoubtedly comes 
largely from increase speed, better physical conditions, such 
track, cars, lighting, heating, cleanliness, open cars, etc., etc. 

The elevated railways are operated under the same general condi- 
tions exist street railways, although the units are heavier, but 
they are very frequent; course, they have the disadvantage being 


q re 
iles 
Passenger 
250,000,000 
| j 
| 
a 4 
q 
5. : 
¢ a 4 
Vv 4 
7 q 


Davis. 


936 DISCUSSION ELECTRICITY VS. STEAM FOR [Papers- 


PaRALLELs 
Waterbury—Naugatuck....... 6.00 624 421 
Birmingham—Ansonia......... 90% 112 088 977 
365 571 


(a) Total loss Y., H.R. from all parallel trolley roads the State 
Connecticut 000 per month $48 000 per annum, loss total pas- 
senger income $12 971 000 1894, shown Railroad Committee Reports. 


1893, and 9in the same month 1894, total loss 780 passengers per annum, 
possible maximum cents $117. 


confined what might called lines without feeders. 
These frequent units are now operated steam locomotives, but 
change electric motors about take place. This change not 
warranted any decrease operating expenses which will take 
place, either actual sufficient offset the interest the additional 
investment, although the first years electric operation figures 
will doubt produced which will appear indicate such result, 
two cases already cited. Nevertheless, the change, made, will 
profitable one from the natural and induced increase the traffic 
the future, just the large investments our steam railroads 
improved terminals, track, rolling stock and stations have been justi- 
fied. Similar results will the inducements for change operative 
methods parts our steam railroad systems, which change neces- 
sitates change motive power. 

Table No. has been prepared from speech Mr. Edwin 
Gager before the Railroad Committee the State Legislature 
Hartford, Conn., March 22d, 1895.* years bitter warfare has 
been waged against interurban electric railways the Consolidated 
System (New York, New Haven and Hartford Railroad Company) 
resulting the electric parallel law, where public convenience and 
necessity must demonstrated the satisfaction the Superior 


Those who are interested can obtain reprint Mr. Gager’s speech addressing 
him Derby, Conn. 
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CoMPETITIO TEAM AND 


320 


300 1500 


280 1400 


260 1300 


Miles Track, 


o 


800 


Millions Passenger Trips, 
o 


140 700 


889 1890 1891 1892 1893 1894 1895 1896 1897 
15. 


Miles Track, 


Mr. Davis. 


J 
120 
4000 
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Court, before electric railway can built between two points 
already connected steam railroad. More unwise legislation 
against natural progress, which would also benefit those whose 
ence created it, can scarcely imagined. fair assume that 
this controversy—for the street railways naturally opposed such legis- 
lation—both sides produced the strongest arguments support 
their respective .contentions; the Consolidated presenting losses 
traffic, while the street railways insisted that their passenger travel 
was mostly induced one, which did not and could not exist under 
steam-railroad conditions and operative methods. 

examination Table No. shows conclusively how the steam 
railroads convicted themselves. The Consolidated System only claimed 
total loss per month, $48 000 per annum the entire 
system, being about their gross passenger revenue. 
the average fare were cents, this would mean total loss 480 000 
passengers per annum out 448 324, but 1894 
was the year financial depression, when the steam railroads 
Massachusetts lost their former passenger traffic, that only 
part this loss the Consolidated was due trolley parallels. 
While the total loss the Consolidated was given its officers, all 
the towns between which occurred were not stated, that Table 
No. the 365 571 passenger trips, between and few these 
towns, only part the total passenger traffic the street railways 
serving all localities where such loss took place. Whether this figure 
should increased 100%, more, cannot say, but, 
any case, the data are sufficient show the large induced traffic 
street railways; or, other words, systems which give low fares, 
frequent service, short total time consumed round leave- 
at-your-door service. 

emphasize the fact what might called dormant traffic,” 
which can become under proper operative condi- 
tions, and bring out this fact more clearly, Fig. and Table 
No. have been prepared, and these again show what small part 
the traffic street railways has come from the losses steam 
railroads, and also, that large part this loss has been wrongly 
attributed electric parallel competition. 

The passenger traffic steam railroads Massachusetts has 
increased constantly from year year since 1870, except during. two 
periods, both which coincide with industrial depressions; this 
shown Curve Fig. where the loss began 1873 and 1893. 
Short-haul passenger traffic but little affected financial condi- 
tions, when compared with the effect long-haul traffic; this due 
mainly necessity being the basis short-haul passenger business, 

or, other words, composed mostly commuters suburban 
and interurban travel. Curve Fig. corroborates this position, 


{ 
q 
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for see that the passenger trips street railways (short hauls, Mr. Davis. 


from necessity, the controlling factors volume traffic these 
systems), increased after 1874 and 1893, although less rapidly than 
the year previous, but there was actual decrease. This curve brings 
out another interesting fact, namely, the quicker recovery electric 
roads and their more rapid increase passenger traffic than when 
operated horse-power, again supporting our position. Massa- 
chusetts, electric railway mileage has increased along with the pass- 
enger traffic (1889 1898) the former the latter, 
or, each has kept pace with the other. other words, 
these railways have been built where did not previously exist, 
nor could produced the steam railroads under existing con- 
ditions; has been ‘induced the character the electric roads 
and their operative methods. Steam railroad mileage has only increased 


Massachusetts during the same period, and passenger traffic 
(net). 


TABLE No. 31.—Comparative Loss AND GAIN 


1894 10 345 763 3 824 940 6 520 823 6 912090 | 0.65; 3 164 831 0.8 
577 836 740 680 837 156 330 209 057 24.5 
189%... iekacecene 8 885 161 3 808 480 5 076 681 16 325 281 1.8 5 692 225 1.4 
eee 803 168 723 748 79 420 22 205 405 | 27.6 8 766 782 | 12.1 


Turning Table No. and Fig. 15, see that the net loss 
passenger traffic all the steam railroads Massachusetts, from 
1893 1898, was 839 225; but during the same years the street 
railways increased 117 327 620, 6.5 times the loss the steam 
railroads. 7.7% the traffic was lost, due financial conditions (as 
estimated heretofore), then only 600 000 passenger trips were lost 
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the steam roads the State from trolley competition. Ifthe average fare 
lost was cents (when secured the street railway the fare would 
the gross passenger earnings the gross earnings the steam 
railroads; this would only amount about the total net earnings. 
Again, the net loss steam railroads and out Boston, from 1893 
1898, was 614 074, while the West End Street Railway (controlling 
practically all street railways and out Boston), increased 457 677 
6.2 times the loss the steam roads. Applying the same argu- 
ment, only 225 000 passengers were lost the steam roads and 
out Boston, due this competition. This would not fair, how- 
ever, for this traffic made more largely commuters than long- 
haul passengers. Assume 5000000, which undoubtedly too 
high, and with average commutation rate cents, the loss only 
$350 000 the maximum. Furthermore, the greatest gains the street 
railways throughout the State, and the West End Street Railway alone, 
were 1895 and 1898, when the steam roads lost the least. All these 
data point the conclusion, already stated, that competition does not 
take place the extent usually believed; while induced traffic 
created the low fares, frequent, quick and 
service, rendered possible the physical characteristics and operative 
methods the electric roads. 

Fig. from Table No. 28. Populations are arranged the 
order magnitude abscissas, beginning with the smallest served, 
while the passengers per capita per are ordinates. The result- 
ing curve shows well-defined law. 

Fig. the same from Table No. 29, and indicates plainly that 
populations increase, the rides per capita per annum also increase. 

Fig. made from towns arranged the order their density 
population. The curve shows well-defined law. 

The determination the desirability undesirability substitu- 
ting electric traction for steam parts some American railroad 
systems matter constantly increasing importance; many pro- 
jected lines the question whether steam electricity shall used 
problem which must now solved, although the past there was 
question which should adopted. will probably see 
during the next ten years large increase the substitution elec- 
tricity for steam railroads. This change foreshadowed the 
present electrical equipment elevated railways Chicago; the 
overhead-trolley and third-rail experiments the New York, New 
Haven Hartford Railroad Company; the operation several 
branch lines the Pennsylvania Railroad Company with electric 
motors; and the present active discussions, among steam-railroad 
engineers and managers, the details first cost, operating expenses, 
and methods electric traction. 
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change contemplated, steam-railroad managers must avoid 
making the mistake which took place the change from horse trac- 
tion electric traction—namely, trying reduce the first cost 
changing the use old methods, material, and equipment, which, 
although entirely suited the old system, proved most unsatisfactory 
under the new conditions. The old equipment partly made over will 
not do. There must new trucks, and new and lighter car bodies, 
hung lower for greater ease entrance and departure. Old 
operation must discarded, and new ones substituted. change 
system may necessitate additional tracks, which should provided 
even large cost. The nearer the approach the 
door” service, the greater the success. 

Let consider some examples where probable that electricity 
could substituted with profit, remembering that more thorough 
investigation might show, this that case, that the change 
undesirable. 


Suburban service the Pennsylvania Railroad, out Philadel- 
phia, follows: 


Main Line Paoli. 
Germantown Chestnut Hill Chestnut Hill. 
Reading Norristown. 

West Chester West Chester. 


the use multiphase currents and rotary-transformer sub- 
stations, power houses could located along the Delaware and 
Schuylkill rivers; from these sub-stations direct current 500 volts 
could fed into the trolley third-rail line. The equipment 
should entirely new; cars the same seating capacity, but lower 
and lighter construction, should used; the bridge over the 
Schuylkill River into Broad Street Station should widened four 
additional tracks; main line and Rs. J., two tracks, 
each; should have total four tracks; Germantown 
Chestnut Hill, Reading, and West Chester should each have total 
three tracks; all tracks should equipped electrically, although 
some them would used steam locomotives hauling freight 
and through passenger trains, and some all, times, both 
systems. tracks should laid the street from Broad Street 
Station the Schuylkill Bridge coming railroad grade that 
point; the cars running over these tracks should operate from the 
Delaware River out Market Street, trackage arrangement with the 
street railway special franchise, the street being wide enough 
for four tracks; they should run any street-railway line run 
to-day, and continue out the extra tracks, provided above, far 
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Mr. Davis. 
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Mr. Davis. circumstances might warrant, and should extended travel 


required; right-of-way should prepared, that passengers could 
leave enter these cars any point along the line. Local stations 
should provided, some cases much closer than present, 
which passengers, the cars mentioned above, could change elec- 
tric cars stopping only said stations, express electric trains 
stopping fewer points, all being done the payment single 
fare. will seen that this combination the street railway 
the outside tracks with the local and express service steam 
road the inside tracks, while the through locomotive trains operate 
the middle tracks. The proposition radical one, advanced 
such, and will bear close investigation and study; the expense 
would enormous, but the gross receipts from such system 
street railways, accumulating passengers for the rapid-transit system 
connected intimately with it, would also enormous—in fact, the 
writer believes, far excess anything yet accomplished the 
transportation passengers. 

The same treatment the following terminals, with modifications 
suit each case, would worth studying: 


New York, New Haven and Hartford Railroad, out Boston. 

Boston and Maine, out Boston. 

Philadelphia and Reading, out Philadelphia. 

Harlem, New York Central and Hudson River, and New York, 
New Haven and Hartford Railroad Companies, out New 
York City. 

Central Railroad Company New Jersey, out Jersey City. 

Central Railroad, out Chicago, 


The above is, course, only suggestion details. 

example interurban traffic, can take Ansonia and New 
Haven, Conn. When the steam railroad owns the systems street 
railways both towns, their cars will pick passengers either 
center, will pass onto the present steam tracks the right-of-way 
the New Haven and Derby Railroad (New York, New Haven and Hart- 
ford Railroad Company), run high speed without stops the other 
center, pass onto the local street railway tracks there and distribute 
its passengers where they desire, all for one fare. Such system 
operated electric motors would financial success, where line 
like the third-rail between Hartford and New Britain failurein the 
true sense. Many other similar examples might given, but this 
indicates the future our steam railroads. 

must not inferred that all any the cases suggested above, 
thoroughly investigated, would prove the expense warranted, 
especially that laying additional tracks. is, however, the writer’s 
judgment that most cases additional tracks would necessary 


> 
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make the system profitable and able handle the traffic. Mr. Davis. 
Emphasis must placed upon the importance radical changes 

present steam-railroad methods make the change electricity pay. 

Electric traction connection with existing tracks and equipment, and 

under existing operative methods, will result heavy loss and ultimate 
abandonment the change—possibly even disaster. 


Passenger Trips per Capita per Annum. 


The argument has thus far been confined, for reasons stated, 
suburban and interurban short hauls, and the writer feels convinced 
from his investigation the subject that the adoption electricity 
mode operation, with the additional change the prevailing 


The data for the diagram, 18, 


Railway Men.” entitled Facts and Figures Interesting 
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service (combined not with steam locomotives the case may 
require), will result the steam roads enormous increase 
the total passengers carried, passengers per car-mile and rate received 
per mile, and will shorten the length each passenger hauled; and, 
thus increasing the gross receipts, will more than pay for the additional 
investment. cannot done any given case, then will not 
pay make the change. 

conclusion, the writer wishes quote from the final paragraphs 
paper presented him the American Institute Electrical 
Engineers,* wherein was expressed the convictions given this dis- 
cussion, and which sees reason change this writing. This 
was prior the third-rail experiments the New York, New Haven 
and Hartford Railroad. 


question whether the gross receipts given road will 
affected the use one the other power under discussion 
most interesting one. Experience shows that where road 
has paralleled steam road has taken most the latter’s business 
first, but less time went on; and that created demand for 
intercommunication which had never existed before—the bulk the 
passenger travel coming from this cause. This interestingly shown 
the arguments Judge Hall (Vice-President the New York, New 
Haven and Hartford Railroad) and Judge Gager, Connecticut, 
before the Legislature the State its last session. This, course, 
refers passenger receipts only. Freight receipts would not 
affected the use one power the other, they increasing only 
the country grows and rates fall, together with better facilities. Re- 
ceipts from express and mails might materially increased the 
use electric traction when giving more frequent service. appears 
that the close headway and service electric 
roads are the main reasons for their induced travel. The question 
how much more the travel would increased the use electric 
traction and frequent service problematical, for the 
door’ service wanting steam railways they are, but why not 
change them? this could done, past experience and data would 
give good basis from which estimate future results. 

conclusion one arrives that for long lines, infrequent 
service, where freight large proportion the business, and where 
centers population are far apart, the steam locomotive the only 
paying method day, the first cost will less, well total 
expenses. The writer has had several opportunities determining 
these facts. What development may bring electric traction the 
far future cannot foretold. 

writer believes that electric traction will profitable 
steam railway systems when some all the following conditions 
are fulfilled, depending upon the special problem solved: 

Steam railway managers must avoid making the mistake which 
took place the change from horse traction electric traction, 
trying reduce the first cost changing use old 
methods, material and equipments, which, although entirely suited 


Meeting October 2ist, 1896. 
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the old system, proved most unsuitable under the new conditions. Mr. Davis. 


The tendency repeat this mistake, and too much stress cannot 
laid upon avoiding it. The old equipment partly made over, the old 
method operating, will not bring success the use electric 
traction; and from necessity would indicate the strongest 
argument against the change. 

Long distance, heavy and infrequent service, neces- 
sity, will prevent electric traction being profitable. Therefore, where 
gross receipts can increased light trains and frequent service. 
decrease expenses, compared steam locomotives, electric 
traction will prove profitable. One the best examples how this 
could applied found the suburban service the Pennsylvania 
Railroad out Philadelphia. is, course, understood that electric 
cars can operated over the same tracks trains drawn steam 
locomotives; change system requiring more frequent service for 
success might necessitate one more additional tracks, which some 
cases would delay the time when change would advisable. 

Steam railways, where the second condition fulfilled, can 
better the results where they operate part the system the 
at-your-door’ plan. This suggestion may seem some radical 


departure, but commend the careful thought those inter- 
ested.” 


The writer’s final conclusion that electric traction can profit- 
ably used: 


(1) Where units are light and frequent, and carried such 
short distances, that steam locomotives cannot furnished lower 
first cost operated more cheaply, the plain case street 
railway. 

(2) Where the gross receipts will increased the change 
system and the mode operation more than pay for the 
first cost and operating expenses per car-mile, the case subur- 
ban steam systems running out our great cities and interurban 
systems between large towns situated few miles apart. 

(3) When competition parallel electric roads compels the change 
save what traffic there is, irrespective the question whether will 
more profitable. 


(4) Where higher speeds are required than can attained steam 


This discussion would not complete without reference another 
field where electric motors will prove profitable method operation, 
namely, (4) where higher speeds are required than can attained 
steam locomotives. This discussion already long enough, that 
the consideration this must postponed, but the reader referred 
Possibilities Rapid Electric Travel,” the writer.* 


Engineering Magazine, 1897. 
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Mr. Davis. that paper expressed the belief that large centers population, 
reasonably near together, will eventually connected railways 
operating 150 miles per hour over, with the local street railways 
feeders and distributors. 

Many more interesting facts and deductions can obtained from 
careful examination and analysis the curves and tables. They are 
left the intelligence the reader. 
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MEMOIRS DECEASED MEMBERS. 


will hereafter reproduced the Volumes Transactions. Any 
information which will amplify the records here printed, correct any errors, 
should forwarded the Secretary prior the final publication. 


HENRY FLAD, Am. E.* 


1898. 


Henry Flad was one many men rare ability for whose pres- 
ence America are indebted the Republican Revolution 
1848-49 Germany. was born July 30th, 1824, the Grand 
Duchy Baden, near the university town Heidelberg. His father, 
Jacob Flad, dying within the same year, his mother, Francisca Brunn 
Flad, very soon afterward removed the town Speyer, few miles 
distant, upon the left bank the Rhine, the Rhine Palatinate, 
province belonging Bavaria. After passing through the prepara- 
tory schools Speyer, young Henry entered the University 
Munich, Bavaria, where took the polytechnic course. Upon his 
graduation 1846, twenty-two years age, was given posi- 
tion the engineering service the Bavarian Government, his first 
employment being works for the improvement the River Rhine. 

The years which immediately followed, particularly 1848 and 1849, 
were years great political commotion throughout Europe. Encour- 
aged the success the revolution France, which drove out 
King Louis Philippe, the longings the German people for freer 
and more united government found such vigorous expression that the 
princes the many petty States into which Germany was divided 
acceded the convocation National Assembly Parliament, 
which, May, 1848, met Frankfurt frame constitution for 
United Germany. Unfortunately, the deliberations this assembly 
showed such wide differences opinion and little ability unite 
any workable plan that the ardor the more conservative classes 
began cool. The princes seized their opportunity reassert them- 
selves, and repudiated the authority the Parliament. 

Southern Germany, the champions the Parliament took 
arms its behalf. Among them was Henry Flad, who, then his 
twenty-fifth year, joined the Parliamentary army captain engi- 
neers. Fortune, however, was against them, and, after several engage- 
ments, the Parliamentary army was driven into Switzerland, and dis- 
banded. Meanwhile, its leaders were placed under the ban, and 
Captain Flad, with many others, was sentenced death. 


Robert Moore, Joseph Davis and Ockerson, Members, 
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Under these very naturally turned his face west- 
ward, took passage for the United States, and, the autumn 1849, 
landed New York. 

His first employment, after his landing, was draftsman 
architect’s office. was not long, however, before entered the 
engineering service the New York and Erie Railroad, then under 
construction, his headquarters being Dunkirk, the extreme west- 
ern end the road. Mr. James Kirkwood and Mr. James 
Morley, with whom Captain Flad was afterward associated, were also 
employed this time the same road. After the completion the 
New York and Erie Railroad, 1851, first hear Captain Flad 
located for time Tonawanda, between Niagara Falls and Buffalo; 
and, then, 1852, assistant engineer the construction the 
Ohio and Mississippi Railroad from Cincinnati St. Louis, his head- 
quarters being Vincennes, Ind. 

Upon the opening the Ohio and Mississippi Railroad St. 
Louis, 1854—that being the first railway reach St. Louis from 
the East—Captain Flad went Missouri assistant engineer 
the Iron Mountain Railroad, which his former colleague the 
Erie Railroad, Mr. James Morley, was the chief engineer. During 
the construction this road, Captain Flad was located Potosi, Mo. 
After its completion Pilot Knob, where for number years 
ended, became land and tie agent the railroad company, with 
headquarters Arcadia, Mo. During this period, September 12th, 
1856, Captain Flad was married Miss Reichard, St. Louis. 

Upon the outbreak the Civil War, 1861, Captain Flad came 
St. Louis; and enlisted, June 15th, private soldier Company 
the Third Regiment, United States Reserve Corps. was soon 
promoted Corporal, and then Sergeant. 

July, 1861, regiment, known The Engineer Regiment 
the West,” recruited mainly the States Illinois and Missouri, was 
organized Colonel Bissell, and Henry Flad was made Captain 
Company August the same year was detailed General 
Fremont, then command St. Louis, for service the construction 
fortifications Cape Girardeau, Mo., where remained for several 
months. the year, when Fremont was succeeded General 
Halleck, Captain Flad was ordered join General Pope southeast 
Missouri, and served staff officer through the campaign New 
Madrid and Point Pleasant, and the taking Island Number Ten, 
after which rejoined his regiment New Madrid. was with his 
regiment Fort Pillow and Pittsburg Landing, and during the opera- 
tions before Corinth. During the summer 1862 was engaged 
repairing the Mobile and Ohio Railroad, building forts Corinth, 
and repairing the Mississippi Central Railroad. was also 
engaged Grant’s advance Grenada. February, 1863, was 
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ordered Young’s Point, where was employed engineering 
work, was later Baxter Bayou, Lake Providence and Bayou 
Macon. 

April, 1863, had charge the repairs the Memphis and 
Charleston Railroad Memphis, Grand Junction, Jackson and 
Columbus. October the same year was employed repairing 
the same railroad east Corinth, under General Sherman, and was 
with him Cherokee, Bear Creek and Iuka, northern Mississippi. 

Meanwhile had been promoted November 17th, 1862, the 
rank Major, July 30th, 1863, that Lieutenant-Colonel, and 
October 16th, 1863, that Colonel. January Ist, 1864, 
Nashville, Tenn., was transferred, Colonel, the First Regiment 
Engineers, Missouri Volunteers, new regiment formed the con- 
solidation the former engineer regiment and the Twenty-fifth Mis- 
souri Infantry.: During the summer 1864 was engaged com- 
pleting the Nashville and Northwestern Railroad from Nashville 
Johnsonville, and constructing defensive works. August was 
ordered Atlanta, and served there and that neighborhood until 
about the first November, his last work being the construction 
new line fortifications Atlanta. 

that time the term enlistment seven companies expired. 
The command the remaining five companies then, under the army 
regulations, devolved upon the Lieutenant-Colonel, and the Colonel 
was mustered out November 12th, 1864, Nashville, Tenn. His term 
service had been three years and six months, during which time, with 
not more than week’s leave absence, had been constantly the 
field. 

Upon being mustered out, Colonel Flad returned St. Louis, and 
began look around for employment his profession. short 
time the agitation for improved water supply for St. Louis resulted 
State law authorizing the appointment Board Water Com- 
missioners, charged with the duty making surveys and plans and 
constructing new system water-works forthe city. Soon after the 
organization the new board, the spring 1865, Mr. James 
Kirkwood, who had formerly been chief engineer the Pacific (now 
the Missouri Pacific) Railroad, and had just completed the building 
new water-works for Brooklyn, Y., was appointed chief engineer, 
and Henry Flad, chief assistant engineer. 

Surveys and investigations were once begun, and, the end 
the year, plan was presented for new works with intake, settling 
basins and filter beds the Chain Rocks, and distributing reservoir 
what was then known Rinkel’s Hill, Easton Avenue, near the 
present city limits. This plan received the approval the Board 
Water Commissioners; and, subsequent experience has abundantly 
proven, was undoubtedly the best. But, besides running counter 
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some private interests, involved such large outlay and such 
radical departure from the old plan that, the part many leading 
citizens, well the city authorities, encountered overwhelming 
disapproval. The opposition finally became great that the Water 
Commissioners were called upon the City Council resign. 
this demand they presently acceded, and, July, 1866, new board, 
committed new plan, was appointed. Meanwhile Mr. Kirkwood 
had been commissioned Europe study the subject filtra- 
tion, and Colonel Flad was left acting chief engineer. Decem- 
ber, 1866, revised plan, with intake and settling basins Bissel’s 
Point and distributing reservoir Compton Hill, substantially 
afterward built, was presented. 

Early the following year, the act organizing the Board Water 
Commissioners was amended, the number members being reduced 
from four three, and March, 1867, new board was appointed 
with Colonel Flad one its members. This position held con- 
tinuously reappointment for eight years, until April, 1875. 
ing that time the new water-works were completed, and during the 
year 1872 were put into service. 

While was still acting assistant engineer Mr. Kirkwood, 
Colonel Flad made the acquaintance Captain James Eads, who 
was that time engaged upon plans for gun carriages and turrets. 
The rooms occupied the Water Board being larger than they then 
needed, Captain Eads, upon his request, had been granted space 
which place draftsman work. This was followed frequent 
discussions between the two men upon engineering questions, which 
led mutual recognition each other’s abilities and laid the foun- 
dation life-long friendship. When, therefore, 1868, Captain 
Eads, chief promoter well chief engineer, was ready begin 
the work constructing the great bridge over the Mississippi River 
St. Louis, very naturally tendered the position chief assistant 
engineer Colonel Flad. As.the duties the latter member 
the Board Water Commissioners did not require all his time, this 
opportunity take part this and important work was 
gladly accepted, and retained his connection with until its com- 
pletion 1874. Some the boldest features this great enterprise, 
such the method erection without false work, were due Colonel 
Flad. 

During 1875 and 1876 was engaged consulting engineer 
various works conjunction with Mr. Charles Pfeiffer, who had been 
associated with him the St. Louis bridge, Mr. Thomas Whitman, 
Chief Engineer the Water-Works, and Professor Charles Smith, 
Washington University. other engagements was that 
engineer for the commissioners who purchased and laid out Forest 
Park, St. Louis. 
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the autumn 1876, the new charter the City St. Louis 
was inaugurated, and Colonel Flad was elected the first President 
the newly constituted Board Public Improvements. This office 
held continuously for nearly fourteen years, being re-elected 1881, 
1885 and 1889. 

The problem which the new Board addressed itself was that 
taking the whole system municipal public works out the mire 
politics, and placing upon the basis merit and fitness. Into this 
work Colonel Flad entered with characteristic zeal and determin- 
ation which nothing could shake. His efforts were crowned with entire 
success, that during the whole period his administration the 
Board over which presided had the entire confidence the whole 
community. Every citizen felt sure that every department the 
public works the city received dollar’s worth for every dollar spent, 
and this respect St. Louis became model for other cities. 

April, 1890, resigned his office President the Board Public 
Improvements accept appointment member the Mississippi 
River Commission, position which remained until his death. 

Into this new field work entered with characteristic zeal and 
energy. November, 1891, was appointed member 
mittee the Commission prepare project for the construction 
dredge boat used deepening the Mississippi River over the 
bars extreme low water—a problem which his remarkable 
mechanical ingenuity found fertile field. After most careful study 
the subject all its bearings, plans were drawn for experimental 
dredge, which was built under his personal supervision. 

While this experimental dredge was means perfect, its main 
features were found meet the requirements well that they have 
been embodied all the later dredges built the Commission, and 
its construction marks the beginning new era the history 
river improvement. 

Colonel Flad became member the American Society Civil 
Engineers February 15th, 1871, and was President the Society 
for the year ending January 19th, 1887. was also charter member 
the Engineers’ Club St. Louis, and for twelve years, from 1868 
1880, was its President, thus receiving from both organizations the 
highest honor within their power bestow. 

His death occurred June 20th, 1898, Pittsburg, Pa., where, 
his way home from meeting the Mississippi River Commission, 
stopped visit Mr. Godfrey Stengel, life-long friend who, forty- 
nine years before, had come with him the same ship America. 
died very suddenly acute heart failure while walking home from 
one the parks company with Mr. and Mrs. Stengel. the 


last moment was excellent spirits and died without pain, 
without fear. 
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engineer, Colonel Flad was remarkable for his great fertility 
invention. For every new problem had not only one, but many 
solutions, and the rapidity with which grasped all its conditions 
and framed his plans meet them amounted genius. doing 
this was not limited precedent, but looked instinctively for new 
and better methods than any before known. boldness and origin- 
ality has had but few equals the annals the profession. And, 
like the most successful workers every field, delighted his 
work for its own sake. Nothing could exceed the interest with which 
attacked new problem, and gave himself rest until had 
solved it. The solution once found, however, the whole subject 
ceased interest him, and passed something new. This 
trait illustrated the fact that, although took out numerous 
patents for new and useful inventions, their introduction and utili- 
zation gave thought. was the work, rather than its rewards, 
for which cared. 

man was equally great. His unassuming modesty, his 
perfect candor and simplicity, his unflinching courage, his absolute 
fidelity his convictions, his single-minded subordination personal 
the public welfare—qualities which were written every line his 
face and manifested every act his life—all stamped him man 
the highest type. Anyone who knew him believed him—without 
limit. His name synonym for fidelity and skill, and all knew 
that every work committed his charge would well done and come 
from his hand sound and flawless the man himself. 

This evident and perfect integrity purpose made his public 
service legacy incalculable value his fellow citizens. His life 
was demonstration how honorable the public service can made, 
and encouragement those who have not yet lost faith the 
possibility having this service all its branches lifted the same 
standard ‘‘abate jot heart hope,” but still work for the 
accomplishment this high end. 

his fellows his chosen calling, his name and example are 
especially precious; for him was realized the highest ideal the 
engineer—a man trained intellect, controlled iron will and 
directed the noblest public ends. And his success attaining this 
ideal will inspire others frame their lives upon the same noble lines. 
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Proceedings, XXV, 223 1899). 


Second line from bottom for Fuller read George Fuller. 
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MINUTES MEETINGS. 


THE SOCIETY. 


December 6th, 1899.—The meeting was called order 8.50 
M., Director James Owen the chair; Charles Warren Hunt, Secre- 
tary; and present, also, members and visitors. 

The minutes the meetings November and 15th were 
approved, printed Proceedings for November, 1899. 

paper entitled River Hydraulics,” James Seddon, Am- 
Soc. E., was presented the Secretary. 

Savage, Am. Soc. E., addressed the Society The 
Present Condition and Prospective Development Wire-Rope Trans- 
mission.” The address was illustrated with stereopticon views. The 
subject was also discussed Richard Lamb, Assoc. Am. Soc. 
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Adjourned. 
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Ballots were canvassed and the following candidates declared 


Kine, South Omaha, Neb. 

Los Angeles, Cal. 

STEELE, Savannah, Ga. 

Perer Zutphen, The 
Netherlands. 

GARDNER STEWART Ithaca, 


MEMBERS. 


ALFRED Boston, Mass. 

New York City. 

WILLIAM GARDINER, New York City. 
Henry Lewis Jr., New York City. 

Howarp Hancock, Mich. 


Announcement was made that the following candidates were 
elected the Board Direction, December 5th, 1899: 


ASSOCIATE. 


JUNIORS. 


Harry Bascom, Butterfield, Minn. 
EMMANUEL CRAWFORD, Philadelphia, Pa. 

Norman San Diego, Cal. 


The Secretary announced that the time holding the Convention 
1900 had been fixed the first week July.* 


See page 240. 
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December meeting was called order 8.40 
M., Vice-President Edward North the chair Charles Warren 
Hunt, Secretary, and present, also, members and visitors. 

paper Sabin, Assoc. Am. Soc. E., entitled 
the Protection Steel and Aluminum Exposed 
was presented the author, and discussed Messrs. Edward 
North, Buck, George Hill, Oscar Lowinson, Skinner, 
Charles Mosher, Thomas Pitts and the author. 

The Secretary made several announcements reference the 
Annual Meeting. 

The Secretary announced the death the following 
elected Member, May 4th, 1898; died 
October 3d, 1899. Junius Apams, Past President, elected 
Member November 5th, 1852; elected Honorary Member October 26th, 
1888 died December 13th, 1899. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


December 5th, 1899.—Vice-President North the chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Bensel, Deyo, 
Haines, Hering, Morison, Owen, Ricketts, Turner and Whinery. 

The date for holding the Annual Convention 1900 was fixed for 
the first week July, 1900. Messrs. Haines and Rudolph 
Hering were added the Committee Convention; the Committee 


was continued and given full power arrange for all details the 
Convention. 


The following resignations were tendered and accepted: 


TuMBRIDGE, Jun. Am. Soc. 


Committee was appointed prepare draft the report the 
Board. 


Applications were considered and other routine bnsiness trans- 
acted. 


One candidate for Associate and five for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


ANNUAL CONVENTION 1900. 


The Thirty-second Annual Convention the Society will held 
London, England, during the first week July. Arrangements 
are the hands the following Committee: Palmer Ricketts, 
Henry Manley, Haines, Rudolph Hering, Chas. Warren Hunt, 
and further details the meeting will announced soon they 
can perfected. 

This date has been fixed after careful consideration all the cir- 
European holiday and excursion season when the crowds Paris 
will probably the greatest; avoids the extreme heat which may 
expected later; and long enough after the opening the Exposition 
promise that everything there will its best. 

While expected that most members will arrange attend the 
Convention first and Paris afterward, there reason why any one, 
whose convenience would better suited doing, should not sail 
earlier date and attend the thewayhome. Juneis 
generally the pleasantest month, both the Continent and England. 

Attention called the fact that conditions ocean travel, 
well hotel accommodations, both London and Paris, will such 
next year make absolutely necessary for all who wish 
make their arrangements once, both for the outward voyage and for 
the return passage. 

has been found impossible under exisfing conditions 
provide for taking members and their guests body. Each mem- 
ber, therefore, must make his own arrangements. 

requested that soon decided, the Secretary informed 
the intention members and their guests present. 


JUNIOR MEETINGS. 


meeting the Juniors the Society was held Wednesday, 
December 13th, 1899. The subject for discussion was Design 
Concrete-Steel Constructions, Especially for Beams and Arches.” 
The subject was introduced Charles Derleth, Jr., Jun. Am. Soc. 
was illustrated with lantern slides. 
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MEETINGS. 


Wednesday, January 3d, 1900, 8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper Allen Hazen, Assoc. Am. Soc. E., entitled The 
Albany Filtration Plant,” will presented. This paper was printed 
the November number Proceedings. 


Wednesday, February 7th, 1900, 8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper William Landreth, Am. Soc. E., entitled 
Improvement Portion the Jordan Level the Erie Canal,” will 
presented. This paper printed this number Proceedings. 


ANNUAL MEETING. 


The Forty-seventh Annual Meeting will held the Society 
House, January 17th and 18th, 1900. 

The Board Direction has appointed Committee Arrange- 
ments Messrs. John O’Rourke, William Gray and Chas. Warren 
Hunt. 


The general programme will follows: 


Wednesday, January 17th, meeting will called 
order Ballots for officers will canvassed, reports will 
presented from the Board Direction, Treasurer, and such the 
Standing Committees are ready report. 

meeting the Board Direction will held soon conven- 
ient after adjournment the Annual Meeting, hour 
announced later. 

Lunch will served the Society House. The Committee will 
announce later the programme for the afternoon. 

the evening o’clock there will Reception the Society 
House for members, the ladies their families, and guests. 


Thursday, January 18th, 1900.—The day will probably devoted 
excursion, details which will announced soon. 

description South Terminal Station, Boston, illus- 
trated with lantern slides (see Paper published this number 
Proceedings), and after adjournment there will Smoker.” 


soon details proposed excursions are perfected, circular 
will issued all members. 
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CURRENT TECHNICAL LITERATURE. [Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(November 7th December 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourt urth Philadelphia, Pa., 

Philadelphia, Pa. 
(3) Franklin Philadel- 

(4) Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 

(6) School Quarterl Columbia 
Univ., New York City, 

oston, 

(8) Stevens Indicator, Stevens 
Institute, Hoboken, J., 

(9) Magazine, New York 


(10) Magazine, New York City, 


Engineerin London), Wiley, 
New York City, 35c. 

(12) The Engineer (London), 
News Co., New York Cit 

(13) Engineering News, New York City, 


(14) The Engineering Record, New York 
City, 
(15) Gazette, New York City, 


(16) and Journal, 
New York City, 
(17) Street Railway New York 
City, 35c. 


York 
Iron Age, New York City, 10c. 
21) Engineer, London, Eng- 
and. 
(22) Iron and Coal Trades Review, Lon- 
don, England. 
Bulletin, American Iron and Steel 
Assoc., Pa. 
(24) American Gaslight Journal, New 
York City, 10c. 
(25) New York City, 


Electrical Review, London, England. 

27) Electrical World and Electrical En- 
gineer, New York City, 10c. 

(28) and Iron, London, Eng- 


(29) Society Arts, London, 


(30) Annales Travaux Publics 
Belgique, Brussels, Belgium. 
(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels, Belgium. 


(32) Memoirs Compt Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


Railway Age, Chicago, 10c. 

41) Modern Machinery 10e. 

(42) Transactions, Inst. Elec. Eng., 
New York 

Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) and Minerals, Scranton, Pa. 


(46) American, New York City, 
(47) Engineer, Manchester, 


(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 
(49) Ger- 


any. 
(50) Stahl und Eisen, Duesseldorf, Ger- 
man 
(51) Bauzeitung, Berlin, Ger 


(53) Zeitschrift des oesterreichischen In- 
enieur und Architekten Vereines, 
ienna, Austria. 

(54) Den Tekniske Forenings Tidsskrift, 

Copenhagen, Denmark. 
(55) Copenhagen, Denmark. 
(56) Tidskrift. Stockholm, Swe- 


57) Christiania,Norway. 
58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, Pa. 50c. 
(59) Transactions, Mining Institute 
Scotland, London and Newcastle- 
upon-Tyne. 
(60) Bridges and Structures, 358 
Dearborn St., Chicago, 30c. 
(61) Proceedings, Western Railway Club. 
225 Dearborn St., Chicago, 
(62) American Manufacturer and Iron 
World, Ninth Pittsburg, 
(63) Minutes Proceedings, Inst. 
London, England. 
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Bridge. 


The Three-Hinged Arch. (12) Dec. 
Drawbridge Reactions. Malverd Howe, Am. Soc, 
(13) Nov. 30. 
The Charles River Drawbridge Boston. (20) Nov. 24. 
Great Central Railway Bridges. (11) Nov. 17. 
The Delaware River Bridge Bridesburg. (14) Nov. 25. 
The New East River Bridge—Specifications for Steel Cables, Suspenders, Coverings, 
Sheaves, Bands and their (20) Nov. 16. 


Viaduct Alterations Without the Use False Work. (18) Dec. 

Widening Washington Highway Bridge. (14) Nov. 11. 

Pauillac (Gironde) Ch. Talansier. (33) Serial beginning Nov. ending 
ov. 18. 


Electrical. 


Electric Progress. Houston. (10) Dec., 1899. 
Electric Wire Systems. (24) Nov. 27. 
Electric Testing. Prof. (47) Nov. 11. 
Power Factor Measurements. Aug. Bowie, Jr. (27) Dec. 
How Get Rid the Eruption without Changing any the Legal Units. Prof. 
Reginald Fessenden. (27) Dec. 
Multiple Flashes and Dark Flashes Lightning. Elihu Thomson. (27) Nov. 11. 
Grounding Low-Tension Circuits. W.L.R. Emmet. (27) Nov. 11. 
The Design Fusible Cut-Outs. (17) Dec., 1899. 
The Drop Alternating-Current Wires. Cecil Poole. (27) Nov. 18. 
The Current Produced Inductive Coil Parabolic Wave Alexander 
Russell. (26) Nov. 10. 
The Electrical Plants the Battleships Kearsarge and Kentucky. (27) Serial begin- 
ning Nov. 25, ending Dec. 
Frequency Meters. Prof. Reginald Fessenden. (27) Nov. 11. 
Electrolytic Processes Industrial Operations. Dr. Borchers. (9) Dec., 1899. 
Marconi Wireless Telegraph Patent. (27) Nov. 11. 
The Invention the Coherer. Camillo Olivetti. (27) Dec. 
The Dynamo-Static Machine. Prof. Elihu Thomson. (47) Nov. 
Large Transformers. (14) Nov. 18. 
Double Voltage and Current Generators. Alton Adams. (13) Nov. 11. 
Compensated Revolving Field Generators. (14) Nov. 25. 
Capacity Limits Direct Current Machines. Alton Adams. (13) Nov. 23. 
Mean Spherical Candle Power. Prof. Wilbur Stine. (27) Nov. 18. 
Electric Cranes. (26) Nov. 17. 
Electric Train-Lighting from the Axle. (27) Dec. 
Electricity Modern Buildings. (14) Dec. 
Direct Electric Driving Machine Shops. (10) Dec., 1899. 
The Electrical the Boleo Mines, Mexico. (16) Dec. 
The Generation and Electrical Distribution Motive Power. Raworth. (11) 
Nov. (12) Nov. (28) Nov. (47) Nov. 
Practical Limitations Electrical Power Transmission. Bell. (10) Dec., 1899. 
Some Notes Electric Power Nov. 18. 
Power Transmission Albion, Orrin Dunlap. (27) Dec. 
Railway Power Distribution over Large Areas. A.H. Armstrong. (47) Nov. 
The Development Electric Stations. Alton Adams. (10) Dec., 1899. 
Test_of Direct Connected Railway Unit Different Loads. Edward 
Willis. (13) Nov. 30. 
The Hydro-Electric Plant Rheinfelden. (11) Nov. 10. 
County Electric Light Company. (11) Nov. 10. 
The Power Plant the California Powder Works. Wyatt Allen. Nov. 11. 
The New Station the Kings County Electric Light and Power Company. George 
Hanchett. (27) Nov. 
West Electricity Supply. (12) Nov. 
South Shields Corporation 26) Nov. 
The Plymouth Corporation Electric Works, England. (27) Dec. 
Warsaw, Poland, Central Station Plant. (27) Serial beginning Nov. ending Dec. 
Influence Cheap Fuels the Cost Electrical Energy. (26) Dec. 
Electrical Station Penig. (48) Oct. 28. 
28. 
H.-P. Vertical Steam Dynamo Engines the Berlin Central Station. (48) Nov. 
Electrical Transmission Lasche (48) Nov. 18. 


4 
The Cables and Suspenders for the New East River Bridge. (13) Nov. 23. 
The Snake River Bridge, Lewiston, Idaho. (14) Nov. 18. 
The Latest Suspension Cable Nov. 18. 
New Hudson River Bridge Albany, Y.C. (15) Nov. 10. 
The New Cornwall Bridge Piers. (14) Dec. 
The Design the Lewiston Bridge. (14) Dec. 
Trolley Bridge Bizerta, Tunis. (18) Dec. 
Dangerous Scour Caused Bridge Piers. (14) Nov. 11. 
Severe Test Bridge (14) Nov. 11. 
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Marine. 


The Modern Warship. Admiral George Melville. (11) 
class, Sheathed Protected Cruisers, Navy. Philip Hich- 
orn 
Sutlej. (12) Dec. 
Cruiser Noord Brabant. (12) Nov. 
Reasons for the Adoption Water-Tube Boilers the U.S. Navy. Admiral George 
Melville. (13) Nov. 16. 
and High- Speed Destroyers. (28) Nov.10. 
Mechanical Engineering Shipbuilding. Sir William White. (10) Dec., 1899. 
Launch Oil Engine. (12) 
Early Paddle-Wheel (12) Serial beginning Oct. 13, ending Nov. 
Improved Appliances for Launching Ship’s Boats. John Hyslop. Nov. 23. 
Electrical Operation Water-Tight Bulkhead Doors. (27) 
Large Atlantic Cargo Steamers. Hunter. (13) Nov. 
Steam Tenders for Dredges the Mississippi River. (13) 
Machines Croiseurs Anglaises. (36) Nov. 10. 
15-c. Ship Gun and the Krupp Gun Carriage for Fire Guns. 
Castner. Nov. 
The Launching Kaiser Karl der Grosse. Hamm. (50) Nov. 
Paquebot Oceanic Compagnie White Star Line. (33) Nov. 


Mechanical. 


The Cost Steam Raising. John Holliday. (28) Dec. 

Progress Influenced Electrical Developments. Prof. 
ipper. 

Advantages over Coal Fuel for Generating Steam. Arthur Freeman. 

(62) Nov. (24) Nov. 20. 
The Fuel Economy Engines Electric Railway Power (47) Nov. 
Apparatus for Burning Fuel. (11) Nov. 
Some Modern Machine Tools. (12) 


American Machine Tools and art Amos. (10) Dec., 1899. 
Heat Through Metals from Steam Water. Richter. (14) 
ov. 
Paper Driving Ropes. (12) Nov. 
Recent Practice Magnetic H.C. (16) Serial begin- 
ning Nov. 18, ending Nov. 
Lampblack from Coal Gas. Oct. 27. 
The Henderson Cableways and Cable Conveyors. (22) Nov. 10. 
Messrs. Parsons Co.’s Heaton (26) Nov. 10. 
The Bretherton Blast Heater. (16) Dec. 
The Iron Making Blast Furnace Ideal Power Producer. Allen. (62) 
Serial beginning Nov. ending Nov. 30. 
Blast Cupola Practice. Edgar Cook. (47) Serial beginning Nov. 18, 
ending Dec. 
The Steam for the Electric Traction Power House. Charles Hague, Am. 
Soc. Dec., 1899. 
Friction Steam Packing. (18) 
Central Condensing Plants. (22) Nov. 17. 
Condensers and Condensing. (28) Nov. 17. 
Test Cooper-Corliss Engine arious Loads. (14) Nov. 18. 
The Robinson Shaft Governor. 
Experiments Upon the Action Governors. William George Hibbins. (62) 
Serial beginning Oct. 12, ending Nov. 16. 
Gas Engines for Electrical Work. (41) Dec. 
Future the Gas Engine. (41) Dec. 
Some Practical Notes Gas Engines. James Dunlop. (47) Serial beginning Nov. 18, 
ending Nov. 25; (47) Nov. 18. 
Gas Engine Guarantees. Magruder. (41) Dec. 
Efficiency Test 125 Horse-Power Gas Engine. (14) Dec. 
Direct-Connected Kerosene Engine and Generator. (14) Dec. 
Large Double-Acting Two-Cylinder Gas Engine. (14) Dec. 
Gas Engine and Fuel-Gas Producer Power Plant. (13) Nov. 23. 
Gasolene Engines Pumping Plants. (14) Nov. 18. 
Naphtha Engine. (62) Nov. 16. 
The Griffin Oil Launch Engine. (11) 
Acetylene Lighting. Cortez Wilson. (20) Nov. 
Gas Sup Automatic Meter. (24) Dec. 
The Carbonizing Plant Modern Gasworks. F.D. Marshall. (11) Nov. 10. 
Horizontal Treble-Ram Pump. (22) Nov. 24. 
Compound Direct-Acting Boiler Feed Pump. Dec. 
The Elliott Hatch Book Nov. 10. 
Two New Motor Vehicles. (28) Dec. 
Cycles and Motor Cars the National Nov. 24, 
The Renault Motor-Voiturette. (28) Nov. 
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Mechanical—(Continued). 


The Berlin Electrical Cabs. (28) Nov. 10. 

The Bourguignonne Motor-Voiturette. (28) Nov. 17. 

Military Motor Carriage. (13) Dec. 

Self-Propelled Fire Engine. (11) Nov. 24. 

Combined Street Car and Omnibus. (27) Dec. (17) Dec., 1899. 

The Stability Vertical Engines. Straube. (48) Oct. 21. 

Tests the Strength Grinding Stones. Griibler. (48) Oct. 21. 

Agricultural Machinery the Exposition Frankfurt (48) Serial beginning 
Oct. 21, ending Nov. 11. 

Examination Combustibles the Roentgen Rays. Kotte. (50) Nov. 

New Valve for High Speed Blowers. (50) Nov. 15. 

Voiture Georges Richard. Gaston Sencier. (36) Nov. 25. 

Note sur les Voitures Tramways Chevaux les Voitures Automotrices. Systéme 
Serpollet Compagnie Genérale des Omnibus. Mauclére. (38) Nov., 1899. 


Sur des Méthodes d’Essais des Machines Vapeur des 
Chaudieres. (38) Oct., 1899. 


Moteur Petrole Verticale. (36) Oct. 25. 
Compresseur d’Air Deux Temps. (36) Oct. 25. 


Military. 


The Volunteer Engineers the War with Spain. Van Ornum, Am. 
(14) Nov. 


Matérial 
Mining. 


Century’s Progress Mining and Metallurgy. Charles Kirchhoff- 
Dec., 


Sinking Shaft the Bois-du-Luc Collieries. Adolphe Demeure. (22) Nov. 17. 

Electrically Driven Coal-Stamping Machine. (22) Dec. 

Browne’s Vacuum Bailing-Tank. (22) Nov. 17. 

Oil Engines Pump Motors Underground. George Kerr. (16) Dec. 

Notes Lead Smelting and Gold and Silver Refining. Malvern Iles. (16) Dec. 

Rock Salt Louisiana. Lucas. (16) Nov. 11. 

The Copper Deposits Vancouver Island. William Brewer. (11) Nov. 17. 

The Atlin District British Columbia. Broak. (16) Nov. 18. 

Centrifugal Ventilators; Plea for Broad, Exhaustive, Critical Discussion upon Basis 
Practice. J.T. Beard. (45) Serial beginning Sept.; ending Nov., 1899. 

Recovering Bore-Hole. W.J. Cousins. (16) Nov. 18. 


ov. 18. 


Electrical Power Transmission Mining. Bloementhal. (50) Nov. 15. 
Municipal. 


The Maintenance Highways. (14) Nov. 18. 

The Construction and Maintenance Street Tracks. (14) Nov. 11. 

Street Paving Michigan. (14) Dec. 

Maintenance Streets Cincinnati, Ohio. (14) Dec. 

London Street Traffic. (11) Nov. 17. 

Spanish Steel Trackway for Common Roads. (13) Dec. 

Portable Asphalt Paving Plant Large Capacity. (13) Nov. 23. 

The Return Gas the Street Lighting Municipality. (24) Dec. 

24) Dec. 


Railroad. 


Modern Developments Permanent Way Work. Russell Tratman, Assoc. Am. 

Soc. (12) Serial beginning Nov. 17: ending Nov. 24. 

Advisability Increasing the Length Rails. (22) Nov. 25. 

Rail Washer Tests; Chicago, Burlington and Quincy Railroad. (25) Dec., 1899. 

Steel Ties the Sumatra State Railways. (13) Nov. 23. 

Switch Details the Boston Terminal Yards. (13) Nov. 

Automatic Signals. (18) Nov. 11. 

Automatic Signaling and Stopping Trains Grade Crossings. Nov. 16. 

Signaling. Frank Rhea. (13) Nov. 16; (18) Nov. 18; (15) 

ov. and 24. 

Electro-Pneumatic Interlocking the Boston Southern Station. (15) 
Serial beginning Nov. 10; ending Dec. 

Mechanical Fog Signaling Apparatus. (12) Nov. 10. 

Signaling the Dover Tramways. (21) Dec., 1899. 

Moisture the Steam Locomotives. Dec. 

Ratios Expansion Compound Locomotives. (15) Nov. 17. 

Some Deductions from Road Tests Locomotives. (15) Nov. 17. 

Cylinder Power Compound Locomotives. Henderson, (25) Dec., 1899. 

Locomotive Road Tests, Norfolk and Western Railway. (25) Dec., 1899. 

Yard Locomotive, Central London Railway. (12) Nov. 17. 

American Tank Locomotives for Foreign Railways. (13) Nov. 16. 

Four-Cylinder Compound Locomotive, Southern Railway France. (11) Nov. 10. 


Théorie Tracé des Freins Hydrauliques. (37) Oct., 1899. 
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Railroad—(Continued). 


Standard Details Locomotives, Great Central Railway. (21) Dec., 1899. 

Express Passenger Engine Great Western Railway. (21) Dec., 1899. 

Some Deductions from Road Tests Locomotives. (18) Nov. 

Flexible Locomotive Staybolts, Central Railway. (15) Dec. 

Staybolt Progress. (25) Dec., 1899. 

with Two-Bar Front Frames, Norfolk and Western Railway. (25) Dec., 


Care Car Equipment. Vander Veer. (47) Nov. 11. 

Train Lighting Electricity, Paris, Lyons Mediterranean Railway. (21) Dec., 1899. 

Columbian Electric Car Lighting System. (25) Dec., 1899. 

English Automatic Coupling. (40) Dec. 

The Progressive the (47) Nov. 

Two Railway Pile-Drivers. Nov. 16. 

Rail and Drilling Car, Chicago, St. Paul, Minneapolis and Omaha Railway. (13) 

Electric Tramway Traction. Albert Greatorex. (47) Dec 

The New Terminal Station the Pittsburg and Lake Erie Railroad Pitts- 

burg, Pa. Burcham Harding. (13) Dec. (20) Dec. 

Railway Alabama Terminal ‘at Montgomery, Ala. (18) 
ov. 11. 

The Boston and Providence (15) Dec. 

Railway Mont Blanc. (12) Nov. 17. 

The Waterloo and City Railway. Nov. 17; (28) Nov. 24. 

The Invergarry and Fort Augustus Railway. 12) Nov. 17. 

Electric Railway Construction Paris. (17) Dec., 

Three-Phase Electric Railway Switzerland. Charles Rochat. (17) Dec., 


Subway Kingston, (17) Dec., 1899. 
Single Rail Track, and High Express Speed. R.Sawzin. (53) Oct. 20. 
Railroad Structures Orleans Railroad and near Paris. Frahm. (49) Nos. 
x-xii 
Note sur des Rails Durs Doux. Post. Nov., 1899. 
Chemin Fer Militaire Soudan Pont sur (36) Nov. 10. 
Heurtoir Hydraulique. (36) Nov. 10. 
Locomotive Compound Marchandises Adherence Totale des Chemins Fer 
Belge. (36) Nov. 10. 
sur les Employés sur les Locomotives Compagnie 
esgeans. (37 
Signal d’Alarme mis par Nord. (36) Oct. 25. 
Les Freins Automatiques Action Rapide. (36) Oct. 25. 
Prolongement Ligne d’Orleans Place Quai d’Orsay. Etat 
Actuel des Travaux. (33) Oct. 28. 


Sanitary. 


The Drainage Works New Orleans. (14) Nov. 11. 

The Electric Drainage New Reed. (27) Nov. 18. 

The Main Drainage Ottawa. (14) Nov. 25. 

Sewage Disposal Aldershot. (14) Nov. 

The Main Drainage (12) Nov. 

The Sewage Walsall, England. (13) Nov. 18. 

Some Details Two Sewer Tunnels. (14) 

Manchester Sewage. (11) Nov. 24. 

The Provision for Storm Water Sewage Purification Work. Martin. (13) 


Nov. 16. 
The Use Coke the Treatment Sew age. (24) Nov. 20. 
Manchester, England. James Fuertes, Am. Soe. (14) 
ec. 


Diversion and Purification the Sewage Paris. (12) Nov. 24. 
Roberts’ Collapsible Centering. (11) Nov. 10; (14) Dec. 


Station Zurich. James Fuertes, Am. Soc. (14) 


Destruction Towns’ Refuse. Hodgson. (47) 
Destructeur-Combureur Gadones Anglais. (36) Nov. 


Structural. 
The Manufacture Steel for Construction. (13) Nov. 16; (62) Nov. 16; (14) 


Nov. 18; (18) Nov. 18; (22) Nov. 25; (2%) 
Castings. Fletcher. (47) Serial beginning Nov. 18, end- 


Albert Ladd Colby. (20) Nov. 30. 


ors Heated Steel Correspondin Temperatures. Maunsel White and 
Taylor. (13) Dec. (15) 
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Structural—(Continued). 


The Development Iron Manufacture the United States the Past Seventy-five 
Years. John Fritz, Am. Soc. (3) Dec.. 1899. 


The Pressing Steel with Especial Reference Economy Transportation. Henrik 
Loss. (3) Dec., 1899. 


Nickel Steel and its Uses. R.A. Hadfield. (22) Nov. 17. 

“The Age Nickel Harry Williams. (20) Nov. 

Improvement Rolling Metals. (62) Nov. 23. 

Concrete-Steel Dust Flue Construction; Arkansas Valley Smelting Co., Leadville, Colo. 
Edward Willis. (13) Nov. 30. 

Lighthouse Engineering Home and Abroad. John Purves. (47) Serial beginning 
Nov. 25. ending Dec. 

Unusual Framed Building. (14) Nov. 18. 

The Works the Bullock Electric Manufacturing Company. (14) Nov. 25. 

The Washington Public Library Building. (14) Nov. 11. 

The Sutro Baths, San Francisco. (14) Nov. 11. 

The Buffalo Savings Bank. (14) Nov. 25. 

Tests Fireproofing the British Fire Prevention Committee. (13) 


ov. 
The Design and Construction Modern Central Lighting Station. Humphrey. 
(1) Oct., 1899; (14) Dec. 


Heating Forced Circulation Warm Air. Walter Snow. (10) Dec., 


Ventilation and Heating the New Boston Terminal Station. (14) Dec. 


Caisson for the Intake Pier for the Cincinnati Water-Works. (14) Dec. 
Wood Fireproofing Plant. (14) Dec. 

Lifting 24-Ton Girder Four Stories. (14) Nov. 11. 

Complete (Concrete) Mixer Plant. (14) Dec. 

Automatic Concrete Bucket. (14) Dec. 

The O’Rourke Dumping Bucket. (15) Nov. 24. 


and Concrete. Schustler. (53) Serial, beginning Oct. 20, ending 


Tests Ceiling Constructions. (51) Oct. 28. 

Building Types The Oceania Islands (49) Nos. x-xii. 

Resistance des Materiaux. Calcul des Toles Rectangulaires Reposant sur Deux 
Quatre Portant une Charge Uniformément Répartie. (33) Nov. 25. 

Nouveau Procédé Fabrication Martin. Emploi d’une trés forte Proportion 
Fonte Douce sans Addition Mineral. (33) Oct. 28. 

Note sur Calcul des Poutres Fer Ciment. F.Chaudy. (32) Oct., 1899. 

Saint Germain-en-Laye. Georges Leugny. (36) Nov. 25. 

Cheminee Monumentale Bourdonnais. (36) Oct. 25. 


Topographical. 
Coastal Topography the United States. Oscar Carter. (2) Oct., 1899. 
Water Supply. 


The Flow Water Pipes. (1) Oct., 1899. 
Public and Private Rights River Water. (14) Nov. 18. 

The Law Underground Water. (14) Dec. 

Novel Water-Wheel Plant. (16) Nov. 11; (14) Nov. 11. 

The Bliss-Heath Low-Pressure Pumping Engine. (20) Nov. 30. 
Deacon’s Pipe Brush. (12) Nov. 17. 


Syphons Constantinople. Edward Wegmann, Am. Soc. (14) Nov. 


The Incrustation Iron Pipes the Torquay Water-Works. (11) 
Nov. (12) Nov. (47) Nov. 


Automatic Regulating Weir. (14) Nov. 25. 

Proposed Design for Steel and Concrete Dam. Fielding. (13) Nov. 16. 

Water Purification Experiments Washington, (13) 

Bacterial Test Mechanical Filter Louisiana, Mo. (13) Nov. 16. 

Recent Experience with the Lawrence Filter. (14) Nov. 25. 

The Sterilization Water Ozone. (13) Nov. 

Ice Elevator the Lawrence Filter Beds. (14) Dec. 

dans Lac Michigan pour Chicago. (33) Nov. 25. 
tude des Pertes ses Affluents des Sources Aval Pertes. Felix 

Brard. (32) Oct., 1899. 
Waterways. 
Utilization the Nile. (12) 


the Water-Levels the Great Lakes Dam the Niagara River. (13) 


Circular Steel Light-Tower Sturgeon Bay Canal, Wisconsin. (13) Nov. 


Locks and Gates for Ship Canals. (13) Nov. 16. 
Steel and Concrete Paving for Slopes. (13) Nov. 23. 
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Waterways—(Continued). 
The 000-Ton Concrete Blocks and Rolling Caissons the Bruges Ship Canal, Belgium. 


13) Nov. 

the Volga River. George Lincoln. (62) Serial beginning Nov. ending 
ov. 16. 

Hydraulic Dredge (Bates System), for the Russian Government. (11) Dec. 

Apparatus for Measuring the Velocity Running Water. Pollack. (53) 


ov. 17. 

The Widening the Oder-Spree Canal. Kersjes. (49) Nos. x-xii. 

The Monier, and similar Constructions Bank Protection. Wattmann 
49) Nos. x-xii. 


NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


MECHANICAL ENGINEERS’ POCKET BOOK. 


Fowlers’ Mechanical Engineers’ Pocket-Book for 1900. Edited 
William Fowler. Roan, ins., 499 pp. Manchester, Eng., 
Scientific Publishing Co., 1899. shilling pence. 


This volume contains nearly two hundred more pages than the pocket-book issued 
last year. This extra space largely devoted electrical engineering, particular 
attention being given traction work. The properties saturated 
steam has been prepared specially for this volume. ranges from 300 per 
square inch, and gives the values intervals each pound, while all the quantities in- 
volving the use the mechanical equivalent heat their estimation have been based 
the latest accepted value, namely, The section relating steam 
boilers has been added and new notes relating textile machinery given. There 
index forty-eight pages. 


RAILROAD CURVES AND EARTHWORK. 


New York, Spon Chamberlain, 1899. $2.00. 


This book was for the use students the author’s classes, and has been 
used fora number years lithographed sheets very nearly the present form. 
Much the the first part the book similar that found several field- 
books, although the methods demonstration are many cases new. New material 
will found the Chapters Turnouts and Tracks and Crossings. Con- 
tents are: Reconnoissance; Survey; Location Survey; Simple Curves; 
Compound Curves; Reversed Curves; Parabolic Curves; Turnouts; Tracks and 
Crossings; Spiral Easement Curve; Setting Stakes for Earthwork; Method Com- 
puting Earthwork; Special Problems Earthwork; Earthwork Tables; Earthwork Dia- 
grams; Haul; Mass Diagram; Tables and Diagrams. 


OUTLINE VENTILATION AND WARMING. 


William Baldwin, Am. Soc. Cloth, 7x5 pp., 
portrait, plate. New York, 1899. Published the author. $1.00. 


The author discusses the causes the vitiation the air habitations and its 
removal proper ventilation. The best methods heating buildings are described, 
with reference schools. This volume supplements the book, pub- 
last year, called Data for Heating and Ventilation.” 
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WATER-WORKS FOR SMALL CITIES AND TOWNS. 


John Goodell. Cloth, ins., 286 pp., illus. New York, 
The Engineering Record, 1899. $2.00. 


The author states that this book has been written meet the desire for such infor- 
mation, shown letters addressed The Engineering Record. contains new 
theories and references methods construction design which have not proved 
satisfactory actual use. The contents are: Surface Water; Earth Dams; Minor 
Details Reservoirs; Timber Dams; Masonry Dams; Special Features River and 
Pond Supplies; Ground-Water Supplies; The Utilization Springs; Open Wells; Driven 
Wells; Deep and Artesian Wells; mps; The Air Lift; Pumping Stations; Intakes and 
Intake Pipes; Clarification and Purification Water; The Pipe System; Service Reser- 


voirs and Standpipes; The Quantity Water Provided; The Water-Works 
Department. There index three pages. 


HYDRAULIC DIAGRAMS 


For the Discharge Conduits and Canals. Based upon the Formula 
Ganguillet and Kutter. Charles Swan, Am. Soc. E., 
and Theodore Horton, Jun. Am. Soc. E.; With description 
the Diagrams and Their Use, Theodore Horton. Cloth, ins., 


pp. New York, The Engineering News Publishing Company, 
1899. 


The authors intend these diagrams for use the study such sections conduits 
and canals are commonly used sewerage, water supply, water power and land 
drainage. The set includes conduits eight different types cross-section and canals 
rectangular and trapezoidal cross-section. 


HYDRAULIC TABLES 


For Finding the Mean Velocity and Discharge Open Channels, 
According the Formule Bazin and Kutter. Calculated and 
Compiled Higham, Inst. Second and Enlarged 


1898. $3.00. 


Inthe preface the first edition, the author says: Most the Hydraulic Tables 
hitherto published have aimed giving the absolute value the velocity and discharge 
different channels single table. the present work two factors, the product 
which will give the required values, are given two different present 
edition reprint, except that Table has been expanded include nine instead 
three values the coefficient formula. 
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250 MEMBERSHIP—ADDITIONS. 


ADDITIONS. 


MEMBERS. 


GEORGE 


Room 67, 209 Adams St., Chicago, 


WILLIAM WARREN 
Asst. Eng., Mass. Pipe Line Co., Everett, 
WINFIELD Scott 


Chief Eng., Union Stock Yards, South Omaha, Neb...... 
Morris 

Toledo Bridge Co., Toledo, 

Central Georgia Ry. Co., Savannah, Ga. 


GARDNER STEWART 
Eng. charge, Hydraulic Laboratory, and 
Prof. Experimental Hydraulics, College 
Civ. Eng., Cornell University,.4 Valen- 

tine Place, Ithaca, 


ASSOCIATE 


JoHN 
2676 Creston Ave., New York City 
WILLIAM 
JULIUS 
SPENCER JAMES 
Mark 
Bureau Surveys, Room 536, City 
RoBERT ANDREW Jun 
Taro 
Eng., Gov’t Ry. Office, Hongo Umicho Jun. 
Nichome, Tokyo, Japan Assoc. 
Van Lawrence 
259 Main St., New Rochelle, Y........ 


[Society 


Date 
Membership. 


Dec. 1899 
Nov. 1896 
Nov. 1899 
June 1899 
Dec. 1899 
Dec. 1899 


April 1893 
Dec. 1899 


Oct. 1895 
Dec. 1899 


Dec. 1899 
Nov. 1899 
Sept. 1899 


June 1899 


May 1898 
Nov. 1899 


April 1897 
Oct. 1899 


1891 


Oct. 1899 


Dec. 1899 


| 
| 7 
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AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE SOUTH TERMINAL STATION, BOSTON, MASS. 


PRESENTED THE ANNUAL MEETING, JANUARY 18TH, 1900. 


INTRODUCTION. 


The construction the Southern Terminal Station Boston 
The Boston Terminal Company has reduced the number terminal 
stations that city two: One, the Northern Station, serving the 
railroad lines entering Boston from the Northeast, North and North- 
west, and taking the place terminal stations formerly used the 
Boston and Maine, Boston and Lowell, Fitchburg and Eastern Rail- 
roads; the other, the Southern Station, serving the railroad lines 
entering Boston from the West, Southwest and South, and taking the 
place terminal stations formerly used the Albany, Old Colony, 
Boston and Providence and New England Railroads; all the roads 
entering the Southern Station, except the Boston and Albany, being 
leased the New York, New Haven and Hartford Railroad Company. 

This latter station has just been completed, and its engineering 
features are described and illustrated this paper. The project for 
this station was conceived early the year 1896; the charter was ap- 
papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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proved June 9th, 1896; and The Boston Terminal Company, consisting 
the five railroad companies, follows: The Boston and Albany 
Railroad Company, The New England Railroad Company, The Boston 
and Providence Railroad Corporation, the Old Colony Railroad Com- 
pany, and The New York, New Haven and Hartford Railroad Company, 
each taking $100 000 stock (all other funds being raised terminal 
bonds), was immediately organized. 

Surveys and plans were started July 1896; general plans were 
approved the Mayor and Railroad Commissioners December 
22d, 1896, and January 4th, 1897, construction was begun 
preliminary way January, 1897, and comprehensively April, 
1897. 

The Old Colony and New England Railroads were transferred 
the station January Ist, 1899; the Boston and Albany Railroad July 
23d, 1899, and the Boston and Providence Railroad September 10th, 
1899. 

With few minor exceptions the work this date (September, 
1899) entirely completed. The site selected embraces the location 
the old New England terminal the foot Summer Street, part 
the Old Colony terminal Kneeland Street, well all the land 
lying between these stations and alongside the latter, bordering 
upon the Fort Point Channel, part Boston Harbor. portion 
Federal Street, Mount Washington Avenue, and several minor streets 
have been abandoned, and Summer and Cove Streets and Dorchester 
Avenue have been extended and widened serve public street traffic 
their stead. 

Aside from the terminal work undertaken The Boston Terminal 
Company, first has been necessary for the City Boston con- 
struct the new streets; land for the same, equivalent that taken 
from streets, being given the city the Terminal Company, and 
relay the public sewers and water pipes the vicinity. This street 
work includes sea wall along the Fort Point Channel about 000 ft. 
length sustain Dorchester Avenue; new street and drawbridge 
100 ft. wide for Summer Street extension; also, some bridge work 
connection with Broadway and Albany Street. Since the plans for 
the station were approved the Mayor and Railroad Commissioners, 
additional street and bridge over the terminal grounds and Fort 
Point Channel, making extension Cove Street Dorcliester 
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Avenue, has been proposed the city, but the construction the 
same has not yet been undertaken, and this street therefore shown 
dotted lines the general plan, Plate XVI. 

Second, has been necessary Old Colony, New England and 
Boston and Providence Railroads, through their lessor, the New York, 
New Haven and Hartford Railroad Company, connect with the 
terminal location the first two means new six-track rolling-lift 
drawbridge over Fort Point Channel, and the third constructing 
very difficult and expensive stretch four-track road-bed about 
long, from Dartmouth Street, the Back Bay, so-called, the 
terminal, alongside the road-bed the Boston and Albany Rail- 
road, the heart Boston. 

not intended this paper describe further the work done 
the City Boston the work done the connections the New 
York, New Haven and Hartford Railroad Company, but rather de- 
scribe the work The Boston Terminal Company exclusively. 

The land taken (land, exclusive streets), was owned fifty-six 
private parties, three railroad companies and the Commonwealth 
Massachusetts. complete survey was made the entire tract, and 
each individual piece land. These surveys have been filed 
plat-book form for permanent record. maps and descrip- 
tions were also made for the public records, required the charter. 
The value the lands thus taken for the terminal aggregated the 
neighborhood $9000 000. was necessary make thorough search 
land records order interpret the survey, there were some 
joint dockage rights and wharfage grants which could not other- 
wise understood. 


Borings were made various over the site, and the results 
are faithfully set forth the cross and longitudinal sections the 
station. Generally, the site underlaid with clay, mixed with some 
sand and gravel, and pile foundations were decided upon, the piles 
held firmly friction. 


order get idea the supporting power piles this 
clay, three ordinary spruce piles were driven, and loaded with tons 
pig-iron, with resulting settlement. description this 
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given with Fig. Plate XXII, more detail. The value such 
isolated test questionable, the results might totally different 
short distance away. this instance, however, the strata being 
quite uniform, the results were considered fairly indicative what 
might expected generally this site. 

Originally, the entire area was flooded the tide high water, and 
several series wharves had been built, some stone work, and some 
timber cribs all sorts and construction. 


ENCUMBRANCES. 


the time starting the work public travel existed over streets 
abandoned; sewers were use upon which was necessary 
expend upwards $100 000 readjust them the new conditions; 
water pipes and hydrants were service; and telegraph, telephone, 
electric light, police and fire-alarm wires were the way. Electric 
conduits and gas mains also encumbered the ground. 

There were many leases property not yet expired, even after the 
extinguishment the owners’ titles. All the coal the great coal 
pockets, some of-which were the act loading from vessels, 
well all the stock and machinery the various buildings, had 
removed before the buildings themselves could torn down. 
About 210 buildings were removed, few them substantial modern 
structures, but mostly old dwellings, storage warehouses, freight 
houses, coal pockets, etc. There were few manufacturing buildings 
and two very large gasometers. 


GENERAL PLAN. 


While the above work was going on, many plans were made for 
the general layout the entire station, finally resulting the double- 
floor arrangement which has been constructed, the upper floor 
used for regular steam railroad trains, and the lower floor for suburban 
trains, using special motive power, and running upon the same 
main road-bed. 

the railroad traffic about Boston has some characteristics 
different from almost any other American city, short account the 
line reasoning which led this form station will not out 
place. 


Upon the railroad routes within miles Boston, about 000 000 
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passengers are carried and from the city each year, nearly equally 
divided between the North and South Stations. 

The close approximate population within the 50-mile, say, 
suburban, limit 392 000. Within the same limit around Philadel- 
phia around Chicago, around St. Louis, 
874 000; and around New York, 754 000; New York, only, exceeding 

These figures show the reason for large terminal facilities 
Boston, and the existence the South Terminal Station. 

was decided early date that the new station must 
built that the new motive powers, electricity and compressed air, one 
both, could used therein; that large increase suburban trains, 
due smaller train units and more frequent service, could had, 
and that every effort possible should made remove the handling 
baggage from the passenger platforms. 

The first plans contemplated only single floor for train service, 
but after arranging well possible for the various controlling 
features, making numerous studies for the exclusion baggage trucks 
from the passenger platforms, and developing several ways expedi- 
tiously handling electric cars, considering both high platforms 
level with the floor such cars, and low platforms alternative, 
was found that such unusual features tended use space, and 
that instead more tracks, which was hoped could had, 
the number was reduced 28. This was discouraging, the old 
stations contained aggregate tracks, and the increase only 
not promise that opportunity for future growth which was 
reasonable expect. 

There being reasonable hope that greater width land could 
secured, attention was directed the possibility divorcing the 
suburban, short-distance, service, from the long-distance service, 
und placing the former different level, thus doubling the room for 
tracks certain areas. The first sketch this sort diverted the pro- 
posed suburban tracks about half mile from the station, and 
gradually rising grade brought several tracks either side the train 
shed level about ft. above the main floor. These were 
stub tracks, like those the main floor. 

This arrangement did not away with the necessary switch system 
for making trains outside the station for each level; and 
upon its development, was seen the elevated stub tracks could 
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connected the form loops, the train movements would very 
much lessened, and the number switches the entrance largely 
reduced. The extreme width the station made the loop connection 
possible, and plan was drawn accordingly. This was the first loop- 
track study. There was some doubt, however, the advisability 
having upper platforms about ft. above the main floor (which would 
the case high platforms were used) account the appearance 
the structure, the difficulty handling baggage, the nuisance from 
the smoke and steam the locomotives below, well the advisa- 
bility avoiding stairs. The approaching grades were also steeper 
than was desirable. 

The possibility suburban loop-track service upon floor be- 
neath the main floor was considered next. the main floor the 
station was designed that time only about ft. above the 
highest tides, required raised the highest level possible 
without the use stairs the entrances from the streets, which was 
prohibited. The main floor was raised ft., and inclines were intro- 
duced the entrances. 

Even this placed the lower tracks, which were finally designed 
ft. the tracks, ft. below very high tides. This 
immediately introduced the study waterproofing this great area 
shut out the water. Due consideration showed feasible this 
without prohibitory cost. Placing the loop-tracks ft. below the 
main floor and using high platforms for this kind service made 
easier approach grades, stairways ft. rise instead ft., was 
the case with elevated suburban tracks, simplified the handling bag- 
gage, improved the appearance the main floor, and did away with 
the smoke nuisance. 

The main station building was also drawn, set back from Summer 
Street; that inclined approaches could had from the first 
loop-track, well the main floor. Stairways were drawn from 
the main floor the lower floor, that all persons taking loop-trains 
the station could reach them going downstairs only. 

Before the loop plan was adopted was drawn various ways 
and positions, sometimes with two loops, sometimes with four, 
sometimes with curved corners and some straight tracks; also tracks 


curved throughout. Studies were made methods handling the 
passengers and building the cars. 
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The one great feature which made the loop system attractive was 
the making this great terminal through station for one kind 
service and terminal station for the other. Suburban trains not 
carry mails, express matter, baggage any quantity. They carry 
people only, and should run frequently and got out the way 
rapidly. The through-station idea made possible handle many 
trains the terminal possible run over main line, the 
trains leaving their passengers and moving without switching. 
the coming motive power should electricity, through third rail, 
will not conflict with the immense switching system which must 
maintained large terminal. 

this station must eventually provide for suburban trains from 
the four main lines, such trains must leave the station shorter 
intervals than trains could run either main line alone. This 
was provided for arranging, with switches, 
two loop tracks used alternately, each capable holding several 
trains, one track filled while the other being cleared. this 
means trains can remain the suburban station much longer than 
the actual time interval between trains. These loops could have been 

arranged operate with even less number switches than designed, 
but would have obliged all trains from some routes use one loop 
exclusively, whereas was desirable make the forward loop 
available for all routes its full capacity. 

Taking the various engineering features connected with the 
problem, description will given each the more prominent 
ones about the order which they confronted the engineer. 


Dam. 


The coffer dam which was necessary construct, and without 
which would have been impossible execute the work, merits 
brief description. 

the borings show underlying stratum clay within the reach 
single length timber, was evident that continuous timber 
wall driven into this clay close enough prevent leakage the joints 
would positively exclude the water. With this sort wall sur- 
rounding the work trouble would result execution. some 
places this line timber wall, consisting 6-in. splined hard pine 
planks, about 40-ft. lengths, was doubled give sufficient lateral 
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strength resist pressure from open water; other places was 
single line. 

Wherever this sheet piling was driven was necessary, first, re- 
move entirely any stone timber the way. Any failure this 
was disastrous. There were some exasperating delays the removal 
the obstructions, obliging the use several divers and wrecking 
outfit, but eventually the entire terminal excavation was shut off from 
the salt water three sides, and some pockets four sides, with 
this timber wall. 

From the very start the present date there has been flood- 
ing the lower floor, the coffer dam having effectually done its work. 
The cost this dam has been about $75 000. also use con- 
nection with the permanent shutting out high tides, thus reducing 
excessive pressure the waterproofing. some has been consid- 
ered that the coffer dam presented the most difficult feature the 
undertaking, and that without success this particular, would 


have been impossible execute the work. The total length this 
dam was about 000 ft. 


WATERPROOFING. 


The permanent waterproofing sheet, which underlies the whole 
lower floor, consists ten layers tarred paper, swabbed together 
with hot coal-tar pitch. The layers are carefully lapped, and all built 
place. This continuous sheet waterproofing, amounting 000 


sq. yds., upwards acres, laid, where horizontal, upon con- 
crete base, troweled smooth surface. some the softer places 
boards were laid down under the concrete base, but usually this base, 
ins. thick, rests upon the ground. Where the waterproofing the ver- 
tical walls, backed with ins. brick work. all cases the hori- 
zontal sheet lies between the pile heads and the granite masonry above. 

Upon the waterproofing sheet, where not weighted down with 
walls, there placed loading cheap grade Portland-cement 
concrete, sufficient resist the upward pressure the water, which 
is, the horizontal layers, about 500 Ibs. per square foot, this pressure 
being dependent, course, the elevation the sheet, with refer- 
ence the ground-water level. Insome places the weight the walls 
far excess the water pressure; others, where possible, the 
pressure resisted inverted concrete 


q 
F 
3 
7 
| 
7 
\ 


964 FRANCIS BOSTON SOUTH TERMINAL. 


drain-pipe channel underlies each loop track for its entire 
length, and these discharge into the sump well near the power-house, 
where both rain water and any leakage through the waterproofing 
finds its way, either through the automatic tide gates low tide, 
pumped other stages the tide into the Fort Point Channel. 
The tarred paper introduced into the waterproofing sheet give 
and the pitch make watertight. was not desirable 
have the sheets paper great thickness, that would permit the 
paper split its own thickness, but rather thin paper, which 
would saturate greater extent, and make for thickness 
greater number sheets, the total number being matter judg- 
ment. The coal-tar pitch should spread under pressure, and when 
warmed the hand should spin out fine This combina- 
tion pitch and paper was selected preference asphalt, 
could bent, twisted, knuckled, abused and handled more 
readily than the asphalt, which, disturbed very much, was 
thought, would crack clear through. not believed that the pitch 
will volatilize its secure position away from air. the present 
time leakage this great area has been discovered. 

The waterproofing work was carried regardless the tempera- 
ture. 8-in. brick wall was found the most suitable backing 
where the sheet brought back the walls. Care had 
taken that the walls should not slide sideways upon the pitch before 
the concrete bracing front was place. 

determine the pressure likely exerted the under side 
the waterproofing sheet, the following line reasoning was used: 


Elevation. 
Mean high-water level about 10.00 
Extreme high-water level (during severe storm 
15.74 
Mean low-water level 0.00 
Extreme low-water level —3.00 


Ground-water level some distance back from the 
water front, observation, about.......... 9.00 
showing that high tides not remain long enough penetrate 
any great distance through the ordinary earth filling. 
the sheet-pile cofferdam, with the top elevation 16.00, put 
enable the work carried out, was the ground, 
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was reasoned that extreme high tides would not penetrate beyond 
the dam, and therefore that assumed elevation 12.00 would 
safe for any possible condition. Had the coffer dam entirely sur- 
round the site, quite likely that water would have risen inside 
the dam the top the sheathing, but the dam does not 
extend entirely around the work there ample opportunity for the 
ground-water stand its usual level. 

Having assumed the water level elevation 12.00, giving the 
maximum hydrostatic pressure, only remained calculate the 
required loading concrete for any given level the waterproofing 
sheet. distribute further any load from columns over the sheet 
far possible, old steel rails were introduced into the concrete 
wherever was possible. These are shown the various sections. 
the case the light loading under the loop-tracks they were used 

distribute surplus loading either side the area under the 
tracks. They are also placed under the retaining wallsso project 
far possible. 


All the piles used have been spruce, varying from ft. 
length, with minimum 12-in. butts and 6-in. tips. The specifica- 
tions called for these driven their full length into the ground, 
until the penetration should not exceed ins. twelve blows from 
hammer falling ft., with the hammer line attached, its 
equivalent. The spacing generally has been ft. ins. center cen- 
ter, and some places little less. The loading has ranged between 
and tons per pile, which reasonable friction ground, and with 
piles the above character. some places the penetration was from 
the last blow, and where this occurred, additional piles 
were used reduce the loading. about 000 piles have been 


used. The cost has varied from $3.10 $5.00 each, place, depend- 
ing upon the length. 


Three different classes concrete have been used the work. 

First.—Ordinary natural-cement concrete, one part cement, two 
parts sand and five parts screened gravel. 

(In all cases this work screened gravel was specified order 
avoid sharp stones against the waterproofing sheet. 


Experience, 
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however, has shown that this was not absolutely necessary.) This has 
been used for backing masonry granite-faced walls, and was speci- 
fied account the necessity having smoother surface the 
rear the walls against which build the water-proofing sheet. 
was discovered, however, the contractor’s men, that they could lay 
very smooth face out rubble granite and mortar when required 
for the waterproofing sheet, and about the same cost. This was 
allowed places, made slightly heavier and better wall when 
well done. Had the smooth-backed rubble wall been specified, 
doubtless would have raised the price rubble over concrete, 
account the prospect the contractor having build double- 
faced wall, but when the trial was made was found that the differ- 


ence cost was insignificant, the workmen soon adapted the work 
the requirements. 


Second.—Portland-cement concrete, one part cement, two parts: 


sand and five parts screened gravel. 

This has been used where became part foundation sup- 
port columns piers, where was the foundation support for the 
waterproofing sheet, where used inverted arch, and places 
where was necessary deposit concrete water. 

Third.—Portland-cement concrete, one part cement, three four 
parts sand, and six seven parts screened gravel, the proportions 
depending the size the individual pieces gravel. 

This was used loading for the waterprocfing sheet, and was 
meant only reasonably stiff loading, but has proved 
almost hard rock, and cannot cut broken except with stone- 
cutting tools. few instances concrete this class was used 
backing for walls, rather than cause delay waiting for the usual 
material. When used waterproofing loading, was not rammed 
hard otherwise, was desirable that seepage water should 
find way drains provided, without coming the surface. Nearly 
all the concrete used this work was mixed Cockburn Barrow 
Machine Company concrete mixer. The work was carried regard- 
less temperature, and cold weather special provision was made 
except thoroughly heat the water, sand and gravel before mixing, 
which was done steam pipes large bodies the material. The 
cost the concrete has varied from $3.30 $5.00 per cubic yard, 
according classification and contract. 
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CEMENT. 


The Portland cement used throughout the work was the Alpha 
brand American Portland cement. The masonry and concrete 
the work required large quantity cement, but did not demand 
that extra fine quality used, might the case with 
work done under running water. Specifications were purposely 
drawn admit the use any good average brand, foreign 
American, either slow quick-setting, with the object opening 
the bidding lively competition and low rate. The specifi- 
cations required, for Portland cement, tensile strength 
200 Ibs. per square inch hours, having stood air until 
set, and the remaining time water; and for natural cement, 
tensile strength 100 ibs. per square inch when tested the same 
manner. 

This method secured the cement very low rates. About 000 
bbls. Portland cement and 000 natural cement have been 
used, and, the case the Portland, believed that nearly 
per barrel was saved over what would been the price rigid 
specification had been adopted and limited number brands 
allowed. 

great many tests for tensile strength were made, and case 
was necessary reject cement. Owing the large consumption 
the mill product, only small amount cement could kept 
hand, and was impracticable make more elaborate tests before 
the cement was used the work. 

The proof that the cement most excellent quality lies 
the actual character the concrete after was put place, even 
the poorest quality concrete, consisting ten parts sand and 
screened gravel one part cement, requiring the use hand 
stone-cutting tools where has been necessary open for pipe 
ducts other purposes. 

Owing the reduction the cost manufacture, and the ability 
use Portland-cement mortar zero weather without injury, and 
also the possibility obtaining excellent mortar with very small 
proportion cement, making the cost work done par with 
natural cements, the tendency use Portland cement exclusively will 
undoubtedly increase very rapidly. 
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STONE. 


course, eastern New England, granite about the only stone 
which can obtained large quantities for building purposes, and 
granite was used throughout all foundations and retaining walls. 
For the face the walls the subway and the train-shed piers, the 
specifications required that they should laid courses varying 
height from ins., alternating header and stretcher work, 
headers never narrower than their rise ft. long, the wall would 
permit; stretchers limited ft. long, beds wide the rise, 
without slack spots greater depth than All joints 
not more than ins. for distance ins. back from the face. 
account having granite face and generally concrete backing, 
two prices were used, one for face and one for backing. The face 
masonry has generally cost little less than $10 per cubic yard. 

The granite used the work has been brought from the following 
quarries: Stony Creek, Conn.; Milford, Mass.; Rockport, Cape Ann, 
Mass.; Pigeon Cove, Cape Ann, Mass.; Mt. Desert, Me.; Croacher’s 
Island, Me.; Deer Island, Me.; Northbridge, Fitchburg, Mass. 
Pascoag, and Milford, addition this, large quantities 
granite from Quincy, Mass., found the old work, have been used 
again. 


scale one-eighth inch foot was adopted for pile, 
masonry and track plans. This divided the work into number 
sectional sheets about ft. wide and ft. long. The longitudinal 
direction each sheet took the entire width the property. The 
architects’ drawings were also made the same scale. 

main base line was adopted and stationed the longitudinal 
axis the train shed, and cross-sectional base lines intervals 100 
ft. were set out the ground. All primary locations were made 
much right left from stations the main base line. 

The first series plans covered the pile-driving. Each pile was 
shown, office blue print the result each day’s work was 
marked off, and summary tacked the progress sheet. 

The second series plans covered the foundation masonry. Suffi- 
cient sectional plans were made these sheets illustrate the details, 


and they were complete every respect, serving govern the execution 
and laying out the work. 
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third series covered the track work, and showed the station 
each switch point, frog point, point curve, apex, grades, each switch 
tie, interlocking supports, signal posts and bridge supports, and, fact, 


everything necessary make quick field layout the ties and tracks. 
These plans, being all the same scale, could laid over one 
another, and any important discrepancy detected instantly. 
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errors any moment whatever occurred the layout the work, and 
was, doubt, due the comprehensive manner which these plans 
were prepared that such clear understanding could had each 
workman, and that rapid, sure and economical progress could made. 
These plans are extensive that practically impossible repro- 
duce them for this paper, and only fragments have been introduced. 
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Track ARRANGEMENT. 
Not the least the station problems most vital the successful 
operation the station the track arrangement necessary just out- 
side the station for the safe and expeditious handling the trains. 
believed that the arrangement adopted simple and ample. 
the station may operated unit, incoming trains one side 


INTERMEDIATE 
TRAIN SHED PIER 


SECTION SECTION 


and outgoing trains the other side, four sections, one for each 


the four main lines. There are eight parallel main tracks, two for 
each the main lines, through the throat the yard; and, enable 
trains pass from either side the throat the other side there are 


two parallel tracks crossing the mains from either side the shape 


or, called, double-track scissors-crossing, through the 
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eight main-yard tracks. Another single-track scissors-crossing, through 
the four main tracks, provided for the subway loop-track system. 

The distance between the head house site and the Fort Point 
Channel, also the curved tracks connecting two the main lines, was 
not great enough permit easy curves for the development 
the eight main tracks into the twenty-eight train-shed tracks was 
desirable, but these curves have been kept down minimum radius 
corresponding 10° curves. 

The express-yard tracks have been arranged give the greatest 
length track opposite platforms, and, the same time, permit 
shifting cars with little disturbance other cars possible. 
Other yard-tracks are arranged suit the various desires yard work. 

Number eight frogs have been used for the main-track crossings 
and for nearly all the regular turnouts the main yard lines. 

Number six frogs have been used for the subway crossing, and 
certain places the yards. 

The express buildings were placed upon the westerly side the 
yard, and the power-plant buildings upon the easterly side, this 
arrangement seeming best for each service. 


PLATFORMS. 


With the exception the two exterior tracks each side, the 
tracks are spaced center center, making the passenger plat- 
forms ft. wide. There are two passenger platforms, one each 
side the shed, ft. wide, with track spacings ft., center 
center. 

The baggage platforms are ft. wide, track spacing ft., center 
The arrangement for baggage handling such that there 
are nine baggage and express trucking platforms the entire length 
the train shed, independent the passenger platforms, and under- 
ground passage allow the baggage trucks cross beneath the 
tracks. This method, which believed will very much reduce the 
baggage nuisance generally experienced, required seventeen baggage 
and express lifts, eight the train house, four the baggage rooms, 
and five the express buildings. Those the baggage platforms 
are protected with iron fences and gates with automatic attachments. 
These lifts are described, together with the other electrical and 
mechanical features the power plant, another part this paper. 
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Some these platforms extend about 300 ft. beyond the end 
the train shed, making them 900 ft. long. They were built timber 
(hard pine), surfaced, and tongued and grooved, for first 
construction, account the tendency the newly filled material 
settle irregularly over the old piers and docks. Eventually 
intended that they shall granolithic. They are constructed 
that, removing cleated sections screwed down over the sills, they 
can tamped up, similar track, from time time. 


The track rail used throughout the terminal the New York, New 
Haven and Hartford Railroad standard, rail, ins. wide and 
ins. high, with rail head ins. wide. 


All regular turnout switches have points ft. long and five bridle 
rods, connected clips with turned bolts, nuts and cotter pins. 
Clips are connected webs rails two 

Slip switches have points ft. long for the number eights and 
ft. long for the number sixes, with four bridle rods, fastened 
indicated above. 

All slip crossings have 7-in. steel plate each tie from 
end end, and one tie beyond. 

All slip crossings have movable frog points (with two bridle rods), 
ft. ins. long for the number eights and ft. ins. long for the 
number sixes. All other frogs are rigid bolted frogs. 

Guard rails are ft. long. 

the diamond crossings, the rails are double for practically the 
entire diamond. All switches and frogs were made the Ramapo 
Tron Works. 

Posts. 


There are Ellis patent bumping posts, all equipped with the 
standard rail. 


All the ballast the subway and its approaches broken trap- 
rock ballast from Meriden, Conn. All other ballast ordinary gravel 
ballast. 
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All regular 8-ft. ties are chestnut timber, ins., and all 
special ties are Georgia hard pine, sawed dimensions, generally 
depth face, except some ties with ins. depth for 
special places. 

tie preservative has been used. Upon all curves the Goldie 


tie-plates have been placed, and, wherever necessary, substantial cast- 
iron rail braces have been used. 


The Thomson shape, rectangular trough floors were adopted 
preference any type floor with flaring sides, account the 
necessity spanning the subway tunnel with the thinnest possible 
floor over all. Girders could not arranged come 
between the ties, due the various skew positions the subway, 
therefore floor shapes with small depth could not made 
account the span, which was ft. the clear. The troughs are 
made about 18-in. depths, and, order get sufficient flange 
metal, cover-plates are used. The design such that any time 
the future the position the tracks altered, alteration will 
required the floor. Impact allowance was disregarded the floors 
the train shed, the speed trains there cannot great. 
Having adopted this type of, floor the greater portion the area, 
was thought best continue its use over the remaining portion. 
The weight the floor girders, columns and troughs complete 
per square foot. Ventilation from the subway tunnel 
arranged for through the ends the inverted troughs, and cast-iron 
grating ventilators the baggage platforms over the lines the 
retaining walls. 

The entire top the steel troughs and girders, after being painted 
with two coats red lead and oil paint, with asphaltic 
swabbing material, costing about cents per horizontal square yard 
floor, according the following specification: 


the entire upper surface, vertical and horizontal, all the 
steel trough floors with one coat mineral pitch and oil put 
temperature about 350° Fahr., and mixed proportion about 85% 
mineral pitch (commonly called ‘Trinidad Asphalt’) and 15% 
crude black oil (residuum petroleum), applied warm weather, 
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about 65% mineral pitch and 35% crude black oil applied 
cold weather, varying the proportion within these limits suit the 
temperature. warm weather the swabbing vertical and inclined 
surfaces done only small amount advance the ballast work, 
account the tendency the mixture crawl, under hot sun. 
The mineral pitch either the trade article known 
Trinidad Lake Asphalt,’ which contains oil, the article known 
paving cement,’ which the same with addition about 15% 
oil, and which oil shall considered part the above-named oil 
proportion percentage. The swabbing mixture prepared and 
heated kettles the site the work. All troughs and iron 
swept clean before being treated, and work done the open 
air wet weather. gas-tar other preparation used. Where 
steel flooring joins girders, other open joints, asphaltic mastic 
shall used close the openings thorough manner.” 

Upon this swabbing the gravel ballast deposited. The design 
this swabbing coat the steel with substance oily its nature, 
many times thicker than any paint, and thereby keep the water 
away from actual contact with the steel longas possible. was not 
advisable place this swabbing coat where could escape through 
the open connections, has tendency run hot weather, 
causing unpleasant appearance where shows below. 


Mipway 


The space between the head house and the train shed proper, called 
The Midway, directly over the suburban station, and this area 
supported steel columns. Brick arches, with enameled brick lining, 
are turned from beam beam, suitable ceiling for the suburban 
station. Upon the top the arches, the floor leveled the 
underside the asphalt surface with concrete made one part 
Portland cement, five parts fine cinders and ten parts coarse cinders. 
The asphalt surface the usual Barber asphalt pavement, made 
Trinidad Lake asphalt. This was laid ins. thick, 
about 250° Fahr., and was rolled hard surface with steam road 
roller. This floor 610 ft. long and averages ft. wide. provi- 
sion was made for expansion and contraction the steel girders and 
beams, and there evidence movement either the steel the 
asphalt floor. The expansion each piece steel apparently taken 
the riveted joints. This floor has inclination ft. between 
the end the train shed and the rear the head house. 
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The midway fence wooden, round-picket fence, ft. high. The 
posts are fastened top and bottom. The gates are two parts, 
rolling back the fence, making openings ft. width, opposite 
each passenger platform. These passageways are very liberal for 
crowds, and the fence, taken altogether, finished natural wood, makes 
very neat appearance. 


INDICATORS. 


Upon this fence, against posts set for the purpose, opposite the ends 
each the twenty-eight tracks, are the train indicators, ft. wide 
and ft. high, all but two carrying four columns station names, 
amounting about seventy-four names for eachindicator. They also 
give the track number, name the road, and the leaving time, and are 
worked sort interlocking machine. train represented 
card, perforated for all stations except those which the train 
stops. This card inserted the machine and raised with lever, 
moving the rods (except the perforations), which turns the slats 
the indicator. These indicators were made the Wheeler and Wilson 


Manufacturing Company, Bridgeport, Conn., and are the largest ever 
made for the purpose. 


STEEL. 


The train shed proper rectangular building 602 ft. long and 570 
ft. wide, divided into three spans, 169 ft. ins., 228 ft. ins. and 169 
ft. ins., respectively. The trusses are cantilevers, and this form 
reduces the connecting trusses the middle span 145 ft. ins. 
The irregular-shaped areas between the train shed and head house 
account the lay the streets), both the end and 
sides, are covered connecting roofs, that the end being called the 
midway roof. 

The midway roof and the other connecting roofs are not high 
the eaves the train shed proper, and, therefore, there row 
high windows the sides the train shed for the entire length. 
Both gable ends the train shed are filled with windows. There 
central longitudinal main monitor ft. wide, the sides which 
are both windows and louver ventilators, and top which there 
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louvered ventilating monitor ft. wide. each intermediate 
truss, each slope the main roof, are cross-monitors about ft. 
wide, reaching from near the eaves the main monitor. These cross- 
monitors have windows and also louvered ventilators their sides, 
alternating the various panels. There are windows skylights 
the slope the roofs monitors, all glass being set the 
vertical. 

The columns and trusses are placed ft. apart, center center, 
longitudinally the shed. The side columns are box form, and 
are anchored the masonry resist wind pressure. The interme- 
diate columns are not thus anchored, except the end panels, but 
the major part the weight the roof. 

The cantilever type for intermediate trusses permitted the making 
arch form the various spans without unduly increasing the 
weight the trusses. This arched form could not have been obtained 
without the cantilever principle, except considerable expense for 
extra weight metal. All the train-shed trusses are pin-connected. 

each panel point the trusses inserted vertical web mem- 
ber, against which are fastened the purlins, that all the purlins, 
which are riveted triangular trusses about ft. deep and ft. 
apart, stand vertical position. Upon these purlins are small 
beam jack-rafters, ft. apart. 

Beginning each end the shed, the trusses and columns are 
braced longitudinally pairs, until the center reached, where three 
trusses and columns are braced together. the end pairs, the longi- 
tudinal bracing brought the ground. The end trusses are not 
cantilevers. The longitudinal expansion and contraction taken care 
between the braced pairs trusses. The transverse expansion and 
contraction taken care the intermediate trusses, the end 
one the cantilevers, hinged post, acting vertical link; 
and the end trusses supporting the foot the inclined end post 
eye-bar hangers inside one the intermediate end posts, the 
movement the roof covering taking place the top the inclined 
end post, which line with the ends the cantilevers. The 
roof covering made tight the expansion joints simply lapping 
the higher portion the roof covering over the lower portion. 
the sides and top the cross-monitors, and the ends the shed, 
similar lap the covering made. the lower chords the end 
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trusses there are 
zontal wind trusses with latticed 


members. The gable ends are 
also braced and from the end 
purlins. 


the head-house end each 
truss, and supported 
the train-shed end eye-bar 
hangers, indirectly from the 
lower chord. these midway 


“ 


trusses are square the head 


house and spaced irregular 
intervals suit the pilasters 
the head house, they not 
come the panel points the 


end train-shed truss, and stiff 


horizontal member 
along under the lower chord 
the end truss and fastened 
the panel points, give 
support the midway truss- 
hangers any point. 
The conditions which gov- 
erned the architecture the 
midway roof were follows: 
shaped area, with 
and minimum width 
130 and ft., respectively; 
high enough shut out light 
from the end the train shed 
from the offices the head 
for the main waiting-room; and 
without any post supports 
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necessary, therefore, adopt depth truss which would suitable 
for 50-ft. span, 130-ft. span. This resulted riveted-lattice 
truss, with the bottom chord high possible, governed the 
windows the waiting-room, and order raise the apparent head- 
room much possible, high monitors were placed above the top 
chords, the sides which were placed the windows, which light and 
ventilate the midway thoroughly. The low appearance the midway 
roof has been the subject some criticism, but order meet the 
practical demands the surrounding parts the station, great 
variation could made, other than perhaps less number trusses, 
more purlins, and more ornamental treatment. 

All the connecting roof trusses are the riveted-lattice type. 

The specifications for the steel these roofs and the flooring was, 

Open-hearth steel, contain not more than 0.06% basic, 
acid, phosphorus, nor sulphur. Ultimate ten- 
sile strength range from 000 Ibs. Elastic limit not less 
than 50% ultimate strength. Minimum elongation 26% ins., 
and minimum reduction area per cent. Rivet steel have 
ultimate tensile strength range from 000 000 with 
minimum elongation 30% ins., and minimum reduction area 
per cent. For bending tests, the usual requirements for bridge 
specifications were insisted upon. All the steel was inspected the 
rolling mill, and found good quality, calling for very little rejec- 
tion. The work was oiled and painted with one coat red Jead and oil 
the shop, and has had another coat red lead and oil since erection. 

The thankless and hopeless task selecting final color, and 
paint which will preserve the metal intact and the same time 
beyond all criticism, has not yet been undertaken. 

The specifications for loading the roof and midway floor and 
tracks were follows 
First.—Roofs. 
Vertical; the dead weight, plus lbs. per square foot roof 
surface. 
Horizontal; wind force lbs. per square foot vertical 
surface. 
Second.—Midway Floor. 


dead weight, plus 150 lbs. per square foot. 
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Third.—Tracks. 


Dead weight, plus rolling load for single-axle load 000 
axle loads follows for weights and spacing: 

000 000 40.000 40000 40000 Ibs., 000 
5! 12’ 5! Or, 5! 5! Or’. 


Allowed unit strains were, brief, follows: 
First.—Roofs. 


Tension, eye-bars, 000 lbs. per square inch. 
Tension, built sections and counters, 000 per square inch. 
Tension, laterals, 000 lbs. per square inch. 
Compression, pounds per square inch: 

000 

000 
Combined fiber strains from bending and direct strain, and com- 

bined direct strain from vertical and horizontal bending. 

Tension, 000 lbs. per square inch. 
Compression, pounds per square inch: 


Fixed ends, 


Hinged ends, 


Fixed ends, 


000 

000 


Hinged ends, 


Second.—Midway Floor. 


Tension, 000 lbs. per square inch. 
Compression columns, pounds per square inch: 
000 
Compression flanges, same tension. 
Shear webs, per square inch, 


000 
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Tension, 000 lbs. per square inch. 


Compression columns, pounds per square inch: 
000 
Compression flanges, same area tension. 
Shear webs, 500 lbs. per square inch, 
000 


000 


Bending strains pins, 000 lbs. per square inch. 

Bearing pins, Ibs. per square inch. 

Bearing rivets. Enclosed bearings, 000 lbs. per square inch 
the roof and midway floor; 000 per square inch 
under tracks. Unenclosed bearings, 000 lbs. per square 
inch roof and midway floor; 000 lbs. per square inch 
under tracks. field rivets, the above strains were 
decreased per cent. 

The workmanship was required similar that called for 
the usual bridge specification. 

The work was accurately punched and not reamed. 

Copies all shipping invoices were forwarded the engineer 
the Terminal Company, and the actual scale weights the shop were 
checked calculated weights the Terminal’s Company’s engineer. 
the total about 000 Ibs. steel, these weights agreed within 
about per cent. Payments were made the scale weights, 
made the shop. Monthly payments were made the material 
received and erected, and material delivered cars the storage 


yard Boston, when consigned the Terminal Company and not 
the contractor. 


TRAIN-SHED COVERING. 


The main roof and side covering 2-in. tongued and grooved 
hard pine sheathing, 8-in. widths, nailed with iron wire-nails 
strips bolted the jack-rafters. This sheathing, upon the main sweep 
the roof and the tops the monitors the midway roof, 


covered with anchor brand composition roofing, made 
follows: 
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Two thicknesses double roofing felt, manila side down; two 
thicknesses natural asphalt roofing felt, each sheet mopped under 
its full width and upon the top surface with natural asphalt roofing 
cement, upon which laid sufficient body well-screened dry 
white Long Island beach gravel. 

The tops all monitors the train-shed roof and the main 
portion the midway and connecting roofs, well all side and 
end sheathing, are covered with copper, are also all the 
exterior main parts the window-frames the ends and sides the 
train shed and the sides the monitors. All flashing, cornices, 
gutters and down-spout connections are copper. 

The train shed and midway are lighted through asbestos-covered 
wire-glass, bedded putty, fastened with wooden strips wooden 
sash, fastened with brass screws wooden frames bolted the train- 
shed steel. the glass set vertically, and permanent foot-walks 
have been provided, that will possible reach each pane 
glass the shed any time with brushes and water keep 
reasonably clean. The glass thick. 

not intended that shall necessary shovel any snow 
fromthe main roof. All the down-spouts, which are ins. diameter 
and generally apart, are covered with jackets, and steam pipes 
have been run between the spouts and the jackets keep them from 
freezing the coldest weather. 

The ventilators are made timber, are ordinary louver pat- 
tern, and are distributed quite uniformly throughout the 
Ventilation over the midway obtained opening some the win- 
dows the monitors. All the woodwork covered with three coats 
white lead and oil paint, the finishing color being the outside 
dark green copper color, and the inside medium drab. 

believed that this the first instance where foot-walks have 
been provided such extensive scale, practically every window, 
any train shed, and where the lighting done exclusively through 
vertical windows. The result has been very satisfactory. 


The main entrance the station the intersection Federal 
Street, Summer Street and Atlantic Avenue, and here that the 
main architectural features the station are found. 
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The building extends from this entrance, 792 ft. along Atlantic 
Avenue (formerly Cove Street), and along Summer Street 672 ft.; then 
turning the corner Dorchester Avenue, extends 725 ft. further, 
making the total street frontage the head house Two 
stories, for this entire length, are given station purposes, and the 
three upper floors the five-story building are used for office pur- 
poses the operating railroad companies. 

The five-story building, main office building (in the middle 
which the main entrance), 875 ft. long, which 228 ft., the 
portion the main entrance, curved. 

the curved portion, two stories form massive base, which 
are the three large arches forming the entrance. The upper three 
stories are treated colonnade. There are sixteen these columns, 
diameter, and ft. high. These columns support en- 
tablature and parapet, with projecting pediment over the center. 
Above this pediment clock, with dial ft. diameter, 
elaborate granite setting. Over the clock large granite eagle, with 
wings partly spread, stooping just ready for flight. This eagle 
about ft. high, and the same breadth over the wings. 

front the building, opposite the center the main entrance, 
there has been erected ornamented polished granite column, upon 
heavy polished granite base, carry five large electric lights. This 
column about ft. high. 

The curved portion the building cut granite, and nearly all 
the remaining front quarry-faced granite, laid courses. Upon 
the front each wing the five-story building there are large panels 
buff brick, which relieve the severe appearance the granite. 

There secondary entrance the station from Atlantic Avenue, 
also exit from the subway. The remainder the front this 
avenue devoted the outward baggage-room, the doorways being 
protected iron and glass awning, extending out sufficiently 
cover all baggage transit from the wagons the building. 

the Summer Street side there large arched windows 
give light the waiting room; beyond these the main exit, 
wide passageway leading directly from the midway the street and 
passing over the subway inclines bridge. These inclined subway 
exits are below the ground-floor level, and lead the street from 
the subway platforms, avoiding the use steps. 
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The carriage concourse the corner Dorchester Avenue and 
Summer Street. Opposite the train shed, the Dorchester Avenue 
side, the inward baggage room, about long. Here, again, the 
doorways and teams are protected awning. The awning along 
Street about ft. wide, and protects the subway exits 
well the sidewalk. 

The sidewalks all around the station are lighted the Terminal 
Company from their own electric plant. 

main entrance thoroughfare ft. wide, lined each side 
with polished Stony Creek granite. Within the entrance are four 
large polished granite columns, about ft. diameter, which sup- 
port the offices above. the polished side walls are cut the date 
the erection, the names the constituent railroad companies, and the 
trustees the terminal company, also the names the mayor, engi- 
neer, architects and builder. The ceiling white enameled brick, 
and the iron beams are enclosed white marble. 

Opening from the midway, the right, are the parcel room, en- 
trance elevator and stairway hall leading the offices, and the 
outward baggage room. the left are toilet rooms, telegraph, tele- 
phone, ticket offices and information bureau, separated openings 
the waiting room. The ticket office has eleven windows opening 
the midway and sixteen the waiting-room side. 

The waiting room 225 ft. long, wide, and ft. high, and 
out the line traffic. The floor marble mosaic, laid with large 
and handsome pattern. The sides have dado enameled brick, set 
polished granite base, and above this the walls are plaster— 
tinted. There are three polished granite doorways, and two Verd- 
antique drinking fountains. The room lighted during the day 
time from windows Summer Street and also from windows above 
the midway roof (which was kept low partially for this purpose), and 
night from 200 incandescent lamps distributed along the side walls 
and the deep modeled stucco coffered ceiling, giving beautiful, 
unobtrusive and well-diffused light. Along one side are arranged 
great oak settees, placed form alcoves. middle axis the 
room are two large ornamental kiosks for the sale confectionery and 
flowers. 

The women’s waiting room entered from one corner the main 
waiting room. This room ft., and furnished with rock- 


| 
d 
| 
7 
| 
ae 
j 
} 
ane 


988 FRANCIS BOSTON SOUTH TERMINAL. [Papers. 


ing chairs, lounges, tables, cribs and cradles. Adjoining are ample 
free and pay lavatories. 

the easterly end the waiting room the main exit and stair- 
way the subway, also elevator the offices and subway. Beyond 
the exit the lunch room, ft., with marble mosaic floors and 
side walls similar the waiting room. are about 200 stools 
the lunch counters, which latter are made with Tennessee marble face 
and mahogany tops. Next comes the serving room, also the elevator 
and stairway three large dining rooms the second floor. The 
kitchen and other serving rooms are also the second floor. Near 
this last elevator, mezzanine floor, emergency room, with 
proper instruments and attendants for giving first aid the sick 
injured. Following along the midway are the station master’s office, 
barber shop, shoe-polishing room, public lavatory, smoking room and 
carriage and transfer office, and the extreme end the midway 
passage the inward baggage room. 

the midway are arranged five large booths, for the sale news- 
papers, fruit, tobacco, drinkables, and for the rendezvous the bag- 
gage porters. 

Below the main floor are rooms for baggage storage, emigrants and 
restaurant purposes. 

The second floor occupied the administration offices the 
Terminal Company, and the trainmen. 

The third floor oceupied the main offices The Boston and 
Albany Railroad Company, and the fourth and fifth floors the 
local offices The New York, New Haven and Hartford Railroad 
Company. 

There are nearly 100 clocks throughout the buildings, all self- 
winding, and governed electric connections from the master clock 
the station master’s office. There also installed system watch- 
man’s magneto-alarm clocks, magneto-box being placed near each 
treasurer’s vault, well other suitable points. 

All the departments are supplied with ample fire-proof vault 
accommodation, the largest being ft., and used hold engi- 
neers’ plans. Fire-alarm boxes and push-buttons are arranged 
suitable points and connected with the city’s fire-alarm system, and 
movable hose reels are also installed various places about the 
premises. 
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Norcross Brothers, Worcester, Mass. proprietor), 
were the contractors for the entire head house, including the founda- 
tions, the foundations for the train shed, the train shed and connecting 
roof coverings; also for the express and power buildings, and nearly 
all the subway foundations and masonry. 


PLUMBING. 


Throughout the terminal buildings there are about toilet rooms, 
fitted with first-class apparatus, generally known under the trade 
name fixtures. All the water-closets the free public 
lavatory rooms are automatically flushed the seat movement. The 
closets the pay and office lavatories have chain pull. There are 
upwards 200 water-closets. The urinals are automatically flushed 
adjustable intervals. Nearly all fixtures are connected with the 
ventilating fans the attics. 

all the principal toilet rooms there are porcelain slop sinks, 
fitted with hot and cold water, well ample supply wash 
bowls and mirrors. For the train men there are several shower baths. 

Each toilet room has asphalt floor, and pail and broom 
closet. 

The restaurant plumbing equipped with large grease traps, and 
there thoroughly ventilated swill room, where the swill buckets, 
after being emptied, can cleansed with hot water upon the floor. 
This room being below the street sewer level, the wash water lifted 
means Shone pneumatic ejector.” 


Water 


The water used throughout the terminal taken from the city 
water mains. For the fire supply, from the high-service pipes, 
enters the building five different places, and complete outfit 
standpipes and hose established from basement attic. For the 
general supply, the water taken from the high-service mains for 
the five-story building and from the low-service mains for the 
other buildings. 12-in. main laid clear across the yard near the 
end the train shed, from which asupply obtained for locomotives, 
through stand pipes, and through which circulation maintained, 
that practically impossible deprive the power house 
water. The general supply enters the premises fifteen different 
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places, and each point the consumption determined weekly 
meters set the purpose, and any excessive use quickly located and 
corrected. There are also several other meters measure water sup- 
plied tenants the express buildings and restaurant. 

Present indications show probable annual expense for water 
the neighborhood actual trials were made obtain 
water from driven artesian wells, but, judging from the experience 
others not far away, was not expected that could thus 
obtained without being slightly brackish. 


INTERLOCKING. 


The system interlocking adopted the South Terminal Station 
what knownas the Westinghouse 
Previous the selection this system, plans were drawn show 
the adaptability both the mechanical and the electro-pneumatic 
systems. Owing the demand this station and elaborate 
track layout, serve the 737 trains (total inward and outward) 
which would use immediately upon its completion, and the fact that 
this number trains would create many more times the number 
train movements than 737, required larger interlocking plant 
than had been heretofore operated anywhere from one tower. When 
the plans were drawn for mechanical plant, that very 
large building was required, and that very large area valuable 
land would taken for the lead-out piping, the width required, near 
the tower, each direction, being about ft. suitable way 
could found place this piping vertical position. was also 
plain that very much larger number men would required 
operate the mechanical plant than the electro-pneumatic, and that 
would difficult make such rigid foundations for the pipe lines 
the new fill over the old docks they require, without waiting 
great many months for the banks settle. also appeared thai, 
owing the very magnitude the plant, which called for unusual 
treatment, would cost much, perhaps more, establish the me- 
chanical the pneumatic. that even with the remote possibility 
electric currents, required the pneumatic plant, becoming 
troublesome when electric motive power should adopted, there 
seemed other reasonable alternative than select the electro- 
pneumatic system. 
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the tracks embraced the control No. tower are switch 
and frog points equivalent 238 ordinary switches. Eleven trains 
may move from the train shed one time, control which there 
are 148 semaphore signals. 

giving description the interlocking machine and the electro- 
pneumatic valves, will necessary quote partially from descrip- 
tions those who are more thoroughly posted all the details than 
the writer. Each pair switch points and each semaphore are 
attached the piston pneumatic cylinder, which secured 
the switch signal support. The admission and discharge air 
from the cylinders are controlled valves, which their turn are 
shifted governed the interlocking machine 
which are horizontal rotating shafts, moved small levers through 
are 60°, with electric contacts thereon, suited give the 
required condition the magnets the valves, and also produce 
the proper movement the switch signal. 

The rotating shafts are arranged move bars above them, and 
right angles them, which interlock with one another system 
cross locks. These bars extend from end end the machine. 
The ends these shafts are engaged the armatures electro- 
magnets, which are governed, the switches and signals operated, 
that the levers and the apparatus operated them must agree 
position before prescribed route may given. 

working model attached the interlocking machine, showing 
all the switches moved the interlocking, corresponding the 
movements the yard, and this model gives correct represen- 
tation the track connections. 

There are nine steel-truss signal bridges the yard, and the 
signals generally are placed upon them. The semaphore posts are 
hollow iron columns, with the operating connections inside, and are 
set, far possible, over the center the track which they 
apply. The blades and lights adopted are accordance with the 
system the New York, New Haven and Hartford Railroad, which 
company operates more than two-thirds the trains entering the 
station. The blades extend the right from the pole. Forked 
blades are used, some extent, indicate that route clear through 
the system has been arranged, and the last signal before entering 
the train shed indicate whether not cars are standing upon the 
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track question inside the shed. Red used stop, green 
all right, and yellow caution signal color. 

The air cylinders used move the signal arms are single-acting, 
the arm being held stop position brought back stop 
position counter-weight, and therefore require but one valve. 

The air cylinders used move the switches are double acting, and, 
therefore, require two pin-valves (one for each end the main cylinder), 
controlling auxiliary cylinders, which shift D-valve, capable 
more readily controlling the pressure from the switch cylinders. 
The D-valve cannot act unless plunger which prevents its move- 
ment first withdrawn. This effected magnetic valve, 
and auxiliary cylinder, and the three magnetic valves are controlled 
three separate wires extending from them contacts the inter- 
locking machine. The D-valve used account the large 
volume air required admitted short space time. 

The first part the stroke the main piston moves the detector 
bar, the middle part moves the switch, and the latter part locks 
position; consequently, detector bar cannot rise, owing being 
held down the wheels train, the switch cannot thrown. 
There are the power-house two air compressors, which furnish 
the air power. They are 18-in. Ingersoll-Sargeant, class A,” 
compressors. One held reserve relay the other. Each 
compressor discharges the air into receiving tanks, from which 
conducted athird receiver. The air mains leading from the re- 
ceiver are duplicated, that failure one line piping will not 
prevent immediate operation the switches and signals through 
another line. The air passes through cooling devices, consisting 
manifold pipes, which precipitate all moisture, and each switch 
enters cast-iron receiver. From this reservoir there armored 
hose connection the switch valve. This elastic connection prevents 
injury the connections, due vibration and settlement. 

There are also provided indicators from the train house the 
tower for proper communication, and the towers are equipped with 
telephone connection all necessary points. 

Tower No. controls switches and signals the suburban tracks, 
and Tower No. governs train movements the yard limits too 
remote controlled from Tower No. 

These towers and the other main-yard buildings are brick, with 
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slate roofs, and contain toilet fixtures for the ‘accommodation the 
employees. 


Oil lamps are used for signal lights, excepting one signal bridge, 
where experiments are being made with electric lights. experi- 
ments have not progressed far enough prove conclusively the 
superiority electricity, but give evidence doing so. The trial 
lights consist two 8-candle power lamps each lantern, that 
case failure one, the other may sufficient duty. They are very 
clear, and penetrate fog better than the oil lamps. 

the details can arranged give satisfaction all kinds 
weather, they will undoubtedly adopted. 


Data are also being collected determine the comparative cost. 


Track 


The tracks the train shed are level. throat the inter- 
locking they are ft. lower than the shed, ease the grade 
the curved approach, which about ft. the mile (upon 
curves), and facilitate reasonable connections with the express- 
yard tracks, which necessity lie grade ft. lower than the 
main tracks. 


The grade the tracks the drawbridge practically the same 
the train shed. 


The steepest grade the express yard about per cent. 
The loop tracks are level. The grade upon the inclines leading 
the loop tracks does not exceed per cent. 

the train shed the tracks are level with the platforms; the 
mail and express yard the tracks are about ft. below the level 


the platforms, the latter being substantially level with the floor 
the cars. 


Express TEAM AND Car YARDS. 


The express buildings are ft. wide and two stories high. They 
are owned the Terminal Company and leased the express com- 
panies. They are similar style and appearance the power-plant 


One portion the express tracks laid parallel with the building, 
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requested the express company occupying that part the 
building. The other portions the tracks are laid spurs, 
angle the building, with intervening platforms. This arrangement 
was necessary get the room required for cars. 

The team side the building has covered platform nearly its 
entire length, and the yard paved with granite blocks. The second 
floor used for offices the Adams Express Company, and store 
rooms for the New York, New Haven and Hartford Railroad Company. 
portion unused present. 


HEATING AND LIGHTING FOR AND YARD BUILDINGS. 


The express buildings are heated hot water, directly through 
radiators the various rooms. not intended that the freight 
rooms and store rooms shall kept much above freezing the 
winter, but the offices are thoroughly warmed. 

The piping system entirely separate from the head-house system 
after leaving the power house, and was installed under separate con- 
tract. The fire-risers through the freight rooms, this building, 
well those through the baggage rooms the head house, are boxed 
and protected from the frost. The platforms and freight rooms are 
lighted are lights, and the office rooms incandescent lights. 
Two the five electric truck lifts the store rooms the second 
story, and these two are arranged with safety clutching devices. 

The yard buildings are heated steam and lighted electricity. 


The power-plant buildings are substantial hard-burned brick 
buildings, with granite trimmings and flat gravel roofs upon steel 
trusses. They are ft. wide and two stories high, with aggregate 
length 580 ft. 

The pipe subways leading from the power plant the head house 
and express buildings are ft. wide and ft. high, and are built 
entirely Portland-cement concrete, shown Fig. They 
carry the pipe lines one side and the electric cables the other, 
and are well lighted. There portion the wiring piping 
underground which not accessible moment’s notice, and one 
may travel these Suit” without harm it. 
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The buildings which contain this equipment are upon the Dor- 
chester Avenue side the yard, and order that they might interfere 
little possible with room for tracks, they have been built tandem 
fashion; the ice plant nearest the head house, compressor and 
electrical generating plant next, and boiler house last. These 
buildings contain ice-making and refrigerating machinery, ice storage 
room, air compressors make power for air brakes and the switches 
and signals, four Westinghouse direct-current generators, make 
electric current for lighting, elevators and motors (with room for two 
central heating plant, ten horizontal return-tubular boilers 
ins. diameter and ft. long, economizer, mechanical stokers, 
mechanical draught fans and engines, feed pumps, compressors and 
minor appurtenances. 

The apparatus and the size the units have been selected with 
special regard the great variation load required different times 
the day and year. There is, course, considerable surplus power 
beyond absolute necessity, provide for breakdowns and repairs. 
The steam piping has been duplicated such manner that any acci- 
dent thereto will not seriously impair the operation the plant. 

The boilers are made from extra quality steel, and are 
designed carry working pressure 150 lbs. per square inch. 
The shell plates are in. thick, and the heads in. thick, and are 
well stiffened angle irons, and braced five through bolts ins. 
diameter. Each boiler has 130 tubes ins. diameter, and 
equipped with the usual manholes, blow-offs, safety valve, etc. They 
are suspended from channel beams resting upon wall plates carefully 
bedded upon the walls the setting. The boilers are provided with 
equipment Roney mechanical, stokers, and provision has been 
made for 50% increase the boiler plant. 

The economizers are two number, one 520 pipes and one 
240 pipes. The settings are built for 1040 pipes. The mechanical 
draught provided two slow-speed exhaust fans ft. diameter 
and ft. breast, driven two horizontal engines sufficient size 
drive the fans 100 revolutions per minute. Either both fans are 
operated will, and are designed produce draught through the 


steel stack ft. diameter, carried few feet above the roof, equal 
250-ft. chimney. 
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The four Westinghouse, single-valve, compound, automatic 
engines have cylinders and ins. diameter, and for ins. 
stroke piston, and are rated, when running their standard speed 
250 revolutions per minute, 375 H.-P. 

They are operated non-condensing the exhaust steam required 
for heating purposes, under vacuum, occasion requires. Each 
engine directly connected 225 K.-W. Westinghouse multipolar 
engine-type generator, capable generating current two poten- 
tials, one 220 volts for power, and one 110 volts for lighting. 

The switchboard interesting portion the installation, but 
technical description out place paper. 

traveling crane tons capacity spans the engine room. 

The other apparatus the power house described under the 
various headings which follow, their appropriate connection. 

The suction pipe from the condenser salt water the Fort Point 
Channel, laid under Dorchester Avenue chamber which permits 
entrance adjust the flanged joints case air leaks, leaks being 
expected account settlement the new street filling. The suc- 
tion well and inlet chamber are built partially timber and partially 
masonry, and while serving the purpose properly, under the sea 
wall, have only the merit being inexpensive. 


Before the amount lighting for the various parts the station 
was determined upon, carefully prepared statement the lighting 
all the large stations the United States was made, and from this 
guide the lights werearranged. platforms, midway, 
baggage rooms, express platforms, express rooms, entrances and side- 
walks are lighted are lights enclosed pattern. the train shed 
they are hung from the roof and steadied horizontally the current 
wires and guy wires. The switches for the platform lights are located 
the midway fence, and each platform may lighted separately, 
desired. The lights the passenger platforms are 120 ft. apart. 
The suburban station lighted large number 5-light clusters 
16-candle-power lamps. These reflect against the enameled brick 
ceiling. 

The waiting room brilliantly illuminated lights the ceiling, 
and also row entirely around the sides. 
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The offices and corridors are lighted throughout with electricity. 
There are illuminating-gas pipes the building. 

There are nearly 300 are and 000 incandescent lights. 

All the wires are carried water-tight iron pipe ducts throughout 
the walls and floors the building, and are accessible the various 
drawing-in, cut-out junction boxes. There are sets feeders 
running from the generator switchboard the distributing centers 
about the premises, where there are switches for local control the 
lights. 

AND 

All the elevators and baggage and express lifts are run elec- 
tricity. There are public elevators and private elevators the 
head house, ice lift the ice plant, baggage and express lifts 
the train shed, the baggage rooms and the express buildings, 
making total 25. They were all, with the exception the ice 
lift, constructed the Sprague Elevator Company. 

The passenger elevators are the usual pattern, and have 
special features. 

The baggage and express lifts are special pattern, and are 
one the most interesting features the mechanical plant. 
account the waterproofing sheet below, which could not 
punctured, and the fact that most these lifts were out 
doors, was not feasible adopt hydraulic lifts. Further, 
account the impracticability having any framework more than 
ft. above the platforms, between the trains, the baggage plat- 
forms being restricted width that posts such framework would 
too near the car windows, was not practicable have overhead 
sheaves and ropes. Study, the part the contractors, brought out 
type electrical machinery which could contained the thick- 
ness the floor. This consists mainly revolving shaft each 
side the elevator openings, near the top, which shafts wind four 
chains, one near each corner the lift platform, these shafts being 
rotated worm gears, right angles them, one end the lift, 
the thrust one worm gear reacting against the other, and the 
countershaft being rotated electric motor the floor. This ap- 
paratus, being suitable for platforms between trains, and being simple 
and economical, was adopted for all but two (the two-story lifts the 
express buildings), the seventeen lifts. 
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The platforms these lifts are ft. wide and ft. long, and the 
lifts are designed carry with perfect safety 000 Ibs. 

The problem making suitable protection around the opening 
the platforms, and safety gates the ends, was perplexing, but was 
solved making very strong sheet-iron frame for each side, about 
ft. high, and placing each end swinginggate. This framework 
cannot wrecked heavy truck, and the gates cannot struck, 
when open, the trucks. The gates are connected, that when one 
opens the other opens, and are also arranged contact latches, 
that the lifts cannot moved they are open, neither can the gates 
opened the lift below the platform level. un- 
latch the gate hand, which can done from either end, before the 
gates are open. The baggage-room lifts are not protected 
the same style gate, but the principles are the same. The lifts are 
operated foot-pushes both ends the platform, that man 
can work the lifts whichever end may be. push one button 
raises the lift, and another button lowers the lift. They are all 
supplied with call bells and automatic gates the lower level. 

was necessary construct the platform over the motors, that 
moisture could not find its way them, and the same time have the 
platforms removable, that the motors and machinery could got 


at. After little study this was arranged without difficulty, and these 
lifts have given excellent satisfaction. 


HEATING AND VENTILATING. 


The head house and public rooms are heated hot-water 
system. The water heated three tubular heaters, two them 
connected obtain heat the circulation exhaust steam from the 
engines, through them, and the third connected similar manner 
for live steam. The hot water circulated through the tubular 
heaters and through loop system piping around the head house 
means two centrifugal pumps, one relay the other, these 
being located, along with the tubular heaters, room the power 
house, and called the central heating plant. The main rooms and 
offices are warmed hot air, the air being drawn through down-take 
shafts from the roof, over hot-water stacks, radiators, the base- 
ment, large fans, and forced through one duct each room, 
heated, temperature about 70° Fahr., and through another 
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duct, over supplementary heating stack, each room much 
higher temperature. the register each room mixing damper, 
that the inmate can take full volume the air temperature 
about 70°, much higher temperature, will. 


DIAGRAM SHOWING 
HEATING AND VENTILATING SYSTEM 
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There are six fan rooms, different sizes. the summer these 
fans are run assist ventilating the offices. 

The baggage rooms, some the corridors, and other much 
exposed offices are heated direct hot-water radiators. not 
expected that the baggage rooms will kept much above freezing 
cold weather. 

The main ducts the heating and ventilating system are over the 
ceiling the corridors, and all hot-air ducts are thoroughly insulated. 
The hot-water pipes are all insulated. possible circulate the 
water different velocities and different temperatures, and these 
are the means used regulate the heat. ventilating fans 
the attics which exhaust the air from the office and toilet rooms 
through special ducts the outlet chambers the roof. 

All the fans the heating and ventilating system are driven 
electric motors. 


All toilet rooms are heated the direct method, prevent the 
accumulation air pressure the rooms, which would cause the 
escape foul odors through the doors, and are ventilated special 


exhaust fans the roof, fresh air finding its way these rooms 
through screened doors. 


AND REFRIGERATION. 


per day, frozen from one side only, upon the plate system, has been 
installed the power house. Beneath the freezing tanks insulated 
storage vault, large enough hold 800 tons ofice, has also been built. 
This ice used the cars, restaurant, and some the offices, and 
made from thoroughly filtered water, taken from the city mains, and 
harvested large blocks, cut the freezing tanks traversing steam 
cutters, lifted out the tanks traveling pneumatic lift, and 
lowered the required level the storage vault electric lift. 
Later on, weighed, cut into small pieces, and delivered upon 
demand the different users. 

Two ammonia compressors are provided, one sufficient for the ice- 
making and refrigeration purposes, and the other for the latter alone. 

refrigerating plant, the brine system, installed for the pur- 
pose cooling the storage boxes (of about 000 cu. ft. capacity) the 
restaurant, and for cooling drinking water, which may drawn from 
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about drinking fountains located the corridors and public rooms 
various places throughout the head house. 


piping system for supply live steam and hot water has been 
installed the head house for cooking and warming purposes the 
kitchen and serving rooms, and for supply outlets the pay lava- 
tories, outlets for cleaning purposes, and for the shower baths installed 
for the train men. All the piping insulated, and the total number 


outlets about 35. 


Car 


all the stub-track ends the train shed and throughout the ex- 
press yard, places all, provision has been made for furnishing 
steam heat the cars. The steam pipe the ends the tracks 
the train shed the loop system, and any break the main pipe 
does not interrupt the supply any great extent. Perhaps the only 
interesting feature this provision the style metallic universal- 
joint connection the car hose, which what known the 
McLaughlin recently devised joint very simple pattern, 
hardly described without detail drawings. 


TESTING. 


Two Westinghouse air-brake pumps are installed the power 
house supply air for testing brakes and charging the cars, and this 
air delivered the stub tracks the train-shed and express 
yards. main and several auxiliary reservoir tanks are used pro- 
vide storage for excessive draught times, and provision made for 
draining off the condensation water the various low points the 
pipe lines, and the reservoirs. the track ends the train shed 
the air passes through rubber hose the car connection. 
the air passes through the McLaughlin metallic The 
latter feature new departure for air connections. 

This system compressed-air piping and machinery kept sepa- 
rate from the compressor plant for switches and signals, thata fail- 
ure the former will not affect the more important work the latter. 


There physical reason why they could not arranged one 
plant, desired. 
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Frre 


4-in. water-pipe connection has been made five different points 
with the high-service mains the city water-works, and fire-riser 
pipes, ins. diameter, with hose and nozzles, have been installed all 
over the premises. Altogether, there are 104 outlets for hosein 
the main building, and outlets the interlocking towers for 
hose, the former being the roof the main building. out- 
lets for this fire supply any other hot cold water supply are 
over the main waiting room. 

addition the above, there have been installed about the head 
house several auxiliary fire-alarm boxes, connected with the city fire- 
alarm system, which can rung from push buttons located 
various places. Additional hose, reels and boxes, has been pro- 
vided for emergency. fire-fighting organization employees has 
been made, reliance being placed the city department, which can 
had immediate notice. One fire, which did great damage, 
caused blacksmith’s forge the roof, within few days after the 
station was opened, was observed the attic employee, and 
extinguished with water from the established system, without 


recourse the city department, thus illustrating the virtue this 
private system. 


Frost 


The twenty-two 8-in. and the two 12-in. down-spouts from the 
train-shed and midway roofs are jacketed with non-conducting cover- 
ing, and the jacket spaces are warmed freezing weather coils 
steam pipe. The jacketed space ins. wide, and wire lathing 
serves base for the non-conducting covering. This covering 
asbestos compound, and protected heavy canvas, well painted. 
The live steam for the coil, which two runs 1-in. pipe, forming 
loop connection near the roof, supplied from distributing 
system, having its origin the car-heating main. 

These jackets have served keep the down-spouts open one 
winter, and hoped that they will prove valuable the future. 
2-in. brass pipe carry live steam has been installed entirely 
around the midway roof the gutter, keep the gutter open. 
other steam pipes have been provided for melting snow. 
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the entire suburban station below the level the ocean, and 
part the track-approaches are open rain and snow, has 
been necessary provide pumping plant sump well, located 
near the power plant, take care storm water and any seepage 
water which may eventually get through the waterproofing sheet. 
This plant consists two electrically driven, vertical-shaft, centrifu- 
gal pumps. One has capacity 4000 galls. per minute, and the 
other 000 galls. per minute, against head ft. The smaller 
pump arranged work automatically, being governed float. 
The other started hand upon electric alarm signal controlled 
float, giving notice the power house. 

These pumps discharge through check valves pipe connection 
with the city storm sewer, which crosses the premises and empties 
into Fort Point Channel. 

Thus far, the pumps have seen very little service, and 
hoped that will not increased. 

extreme low tide the small accumulation water during the 
high-tide period finds its way through the check valves, which act 
automatic flood gates empty the sump well without the pumps. 
the check valves fail work the rising the tide, the alarm 
rings the power house, and the emergency stop valve the dis- 
charge pipe immediately closed before any damage can done. 


the Terminal Company has water front suitable for the dis- 
charge coal from vessels, the coal brought from one the coal 
pockets belonging one the operating railroad companies, cars 
which permit unloading through hoppers the floor. These are 
set over coal vault, constructed the rear the boiler house, 
shown the cross-section plan, Fig. 12, and the coal then dumped 
upon intermediate floor, level with the hoppers the mechanical 
stokers, this floor having storage capacity for several days’ supply. 
From this the coal pushed shoveled into the mechanical 
stokers. Beneath this intermediate floor further storage room for 
several days’ supply, which supply held reserve against snow 
blockades the winter, when would difficult move the cars. 
From this lower floor necessary lift the coal about ft. put 
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into the stoker hoppers. Originally, was not intended have 
mechanical stokers, and fire hand from this lower level without 
this 5-ft. lift; but, after the stokers were installed, the intermediate 
floor was arranged, and the handling simplified, well the storage 
room increased. 

Storage capacity for several thousand tons was considered, but 
account the relatively small consumption, varying with the seasons, 
from about tons tons per day, the difficulty placing the 
storage close the boilers, the necessity considerable coal-handling 
machinery, not placed, the necessity using cars any event, 
and the ability take advantage low prices, due bulk deliveries, 
purchasing connection with one the operating railroad com- 
panies, such storage facilities were not constructed. 

present, the ashes are wheeled from the furnaces area just 
outside the boiler room, where they are taken away daily private 
parties without cost the Terminal Company. They are eventually 
disposed either for cinder-concrete material, the South 
Boston flats for wharf filling, where price paid sufficient cover 
the cost handling. 


Cost 


The cost the entire power plant, including all piping, wiring, 
electric lighting every sort, fans, heaters, radiators, air fixtures, 
frost jackets, ventilating system, steam connections, refrigeration, 
hot-water pipes, lifts and elevators the head house, subway, express 
and gas buildings and train shed, well pumping plant the sump 
well, has been, not including the interlocking, upwards $400 000. 
The various parts are inter-related each other that attempt 


will made this paper give unit costs for elevators, lifts, lights, 


Gas. 


plant for the manufacture Pintsch gas for use cars has been 
established the terminal grounds, capable making 120000 cu. ft. 
gas daily. 

building, 110 ft. long and ft. wide, two stories high, similar 
type the power house, has been constructed, pile foundations; 
and this building there have been installed retorts and the ac- 
companying furnaces, engines and compressors for compressing the 
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gas, purifiers, meter, feed tanks, drip and tar pumps, and all other 
necessary appliances. The building lighted electricity. Outside 
the building are installed oil-storage tanks, tar tank, store 
holders and gas holder ft. diameter and ft. deep. main 
pipe leads from this plant, connecting with distribution pipes 120 
outlets the train shed and about more outlets the express 
yard, where gas can put into the car tanks through hose connec- 


tions. cost this entire gas plant, including the building, 
about $80 000. 


USED. 


The material used the work approximates: 000 spruce piles, 
100 000 common brick, medium brick, 846 000 enameled 
brick, cu. yds. concrete, yds. stone masonry, 000 000 
000 tons steel, equal about 200 car loads; 200 000 cu. ft. 
cut stone for building, 500 car loads; bbls. Portland cement, 
000 bbls. Rosendale cement, 000 bbls. coal-tar pitch, 500 bbls. 
prepared asphalt, 850 000 lbs. tarred paper, 450 000 sheet copper 
for roof trimmings; 000 000 ft., M., yellow pine timber, for various 
uses; 000 Ibs. solder, acres gravel roofing, 150 000 sq. ft. wire- 
glass and 000 lbs., tons, putty set the same. 


The power house, including foundations 
The gas building, including foundations 
The express buildings, including foundations 


The total cost these buildings aggregates $310 000. 

These buildings are brick, two stories high, with good base- 
ments, founded piles, with iron floor-beams, iron roof-trusses, 
wooden floors and roof boards, roofs covered with tar and gravel, 
plumbed, heated and the express buildings contain offices 
for 250 persons; also truck lifts. The above not include any 
foundations for machinery located within these buildings. 


Cost 


The approximate cost the head house, including foundations, 
heating, lighting and elevators, 565 000, $0.214 per cubic foot. 
calculating the cubic feet, outside dimensions and height from floor 
basement top roof are used. 


$0.121 
0.135 
0.131 
4 
4 


vel, 
ices 
any 


ions, 
foot. 


floor 


PLATE 
PAPERS AM. SOC. 
DECEMBER, 1899. 
FRANCIS BOSTON SOUTH TERMINAL. 


By. 


a 
q 
| 
| 


Papers.] FRANCIS BOSTON SOUTH TERMINAL. 1015 


Cost SHED. 


Area, sq. ft. Weight steel, lbs. per square foot. 
Total cost, including foundations, steel and covering, $382 180. Cost 
per square foot, horizontal area, $1.11. the area and cost the 
midway and connecting roofs added the train shed, the cost 
$1.05 per square foot, horizontal area. 


ORGANIZATION FOR CONSTRUCTION. 

The Terminal Company managed board trustees, one for 
each the five constituent railroad companies. 

The construction work was carried out under the direction the 
architects, Messrs. Shepley, Rutan and Coolidge, and the Resident 
Engineer, the former planning and supervising the brick and stone 
head house and office-building construction, and the latter the founda- 
tions, train shed, midway, tracks, subways, express buildings, power 
house, sea wall, etc., and supervising the construction the power 
plant and interlocking, each the above parties reporting directly 
the Board Trustees. 

The Chief Engineers the operating railroads and the Manager 
the Terminal Company exercised general criticism, and were consulted 
regard the requirements. All the large contracts for construc- 
tion were executed behalf the Terminal Company member 
the Board Trustees. Other contracts were executed, under 
authority the Trustees, the Architects Resident Engineer. 

The general plans for the steel construction the train shed and 
bridge floors, prepared the Resident Engineer, were developed 
Worcester, Am. Soc. E., Boston. The shop cards were 
drawn the office the contractors, the Pennsylvania Steel Com- 
pany, Reynders, Am. Soc. E., Superintendent, and were 
examined, checked and approved the engineering department 
the Terminal Company. 

The interlocking plans and details were made the Union Switch 
Signal Company, Swissvale, Pa. The power plant, including 
lighting, heating, ventilating, elevators, lifts and ice-making ma- 
chinery, was designed under the direction Westinghouse, 
Church, Kerr Co., New York, Henry Conant, the Boston rep- 
resentative, the Sprague Elevator Company, and Professor Homer 
Woodbridge, heating and ventilating engineer, contributing this 
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end. The plans for the Pintsch gas apparatus were designed the 
Pintsch Compressing Company, New York. 

The engineering department the Terminal Company, assisting 
the Resident Engineer, embraced Corthell, Am. Soc. E., 
First Assistant Engineer; Goodrich, Am. Soc. E., 
Assistant Engineer, charge the field; O’Brien, architectural 
draughtsman, well other draughtsmen, instrument men, in- 
spectors and helpers, all whom, well the head men for the 
various contractors, faithfully carried out all the work entrusted 
them. 

ORGANIZATION FOR OPERATION. 


The organization for operating the station present substantially 
follows: 


Manager, whom all reports are made, and who himself reports 
the Trustees. 

For the Transportation Department, Station Master and 
Assistant Station Master for day and night service, with the necessary 
force guides, gatemen, porters and cleaners. 

Ticket Agent, with necessary force, Yard Master and Assistant Yard 
Master, Baggage Agent and Parcel Agent, each with necessary force. 

For the Maintenance Department, the following heads, reporting 
upon all matters pertaining construction, repairs and operation, 
excepting operation the interlocking plant, through the Resident 
Engineer the Manager Superintendent Power Plant, including 
all matters pertaining mechanical and electrical equipment, lighting, 

»heating, ventilation, elevators, ice and gas machinery, with the 
necessary force; Supervisor Buildings, with necessary force; 
Track Master, with necessary force. There also Supervisor 
charge all apparatus and employees supplying steam, com- 
pressed air and Pintsch gas cars, reporting the Manager. 

The Treasurer the company, who present also Acting 
Auditor, Pay Master and Purchasing Agent, reports directly the 
Board Trustees, the same during construction. 


SERVICE. 
The natural position the four roads entering the station will 
maintained the train shed, far possible. There being eight 
main tracks through the throat, two can devoted, one and one 
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out, for each road; and only the necessary crossing trains one 
road over the tracks used another road, done, necessary, 
reach baggage rooms, express yards, other special service. two- 
thirds the 737 trains using the station are suburban trains, without 
baggage express matter quantity, this very much reduces inter- 
ference upon the grand crossing. trains carrying large quanti- 
ties baggage and express matter must, course, get near the 
inward outward baggage roomsas possible. has been found thus 
far, operation, that the baggage lifts expedite rather than hinder 
the free movement baggage, the free cross-run the trucks be- 
neath the tracks, compared with dodging trains the surface, more 
than compensates for the time required use the lift. 


The property has been surrounded far possible boundary 
limits with fence ft. high; part this, adjacent the streets, 
being tight board fence, and upon division lines picket fence, with 
proper gates for entrance and exit the express and mail yards. 
The subway and sea walls are lined with heavy two-pipe rail fence 
with cast-iron posts. 


impracticable this paper describe the large number 
minor conveniences which have been arranged for this station. The 
mention few them will suggest their importance and help 
complete the record. 

private telephone exchange for the terminal only. 

Separate ticket-selling booths for each man. 

liberal number weighing scales baggage rooms and express 
buildings. 

Ample bicycle racks, check racks, ete. 


Checking system care for trainmen’s coats, hats, etc., instead 
the usual lockers. 


Kitchen and restaurant furnishings. 

Booths for weighers scales express buildings. 
Apartments for car inspectors. 

Train mail-chute and sorting room. 

Speaking tubes. 
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Case for sale emergency articles, rubbers, umbrellas, etc., 
women’s room. 

Shoe-cleaning and polishing chair women’s room. 

Room for police squad the station. 

Dressing room for porters and gatemen. 

Conveniences for handling newspapers. 

Carpenter and paint shop for repair men. 

Blacksmith shop for interlocking and track work. 

Shop small repairs machinery and piping. 

Stock rooms, oil house, lamp room, trackmen’s tool room, yard- 
master’s office, trackmaster’s headquarters and interlocking super- 
visor’s room, storage yard for spare track material, etc., etc., etc. 


conclusion, gives little satisfaction the engineering de- 
partment say that throughout the entire construction there has 
been absolutely friction between any the parties who have con- 
tributed ‘to the grand result, either railroad officers, managers, 
architects, engineers, contractors and their representatives, city and 
state heads departments and officers, and that uniform courtesy has 
prevailed among all. 

While not always the duty the engineer discuss the wis- 
dom necessity certain lines policy, and while such discussion 
more less unprofitable, may, nevertheless, this instance, 
prove valuable answer advance the questions sure raised 
whether such large terminal, with its accompanying expendi- 
tures, proper investment for railroad company make. 

When railroad stations have been utterly outgrown, was the case 
Boston, and the traffic cannot properly handled, there 
for the railroad management but reconstruction. The 

question whether each the existing stations shall enlarged, per- 
haps under great difficulties, whether combination shall ef- 
fected, Boston, for the mutual convenience the transportation 
companies and the public, usually well weighed and decided 
those most competent decide. Having decided build new sta- 
tion, management can criticised for making up-to-date and 
even ahead-of-date structure. 

the great expenditure necessary for the new terminal station 
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question, probably nearly two-thirds its entire cost for land and 
buildings reverts directly indirectly the railroads interested, 
lands released old stations for other purposes for entire disposal. 
With bonds selling premium 33% basis, much more can 
accomplished, with the same interest charge, than was possible few 
years ago, with interest per cent. 

far can now determined, the cost operating the new and 
much more commodious station will about the same the sum 
operating the old stations. 

railroad station minor appurtenance the road itself, and 
impossible always incur expense for renewals, the basis 
investment upon which new direct return will forthcoming. 

may compared, roughly, new storehouse for cotton 
necessary convenience for the handling the business, but the 
mill (or the railroad) the real earning factor. 

The question has been asked: How much money did the City 
Boston contribute toward the construction the station?” 
may said that not one dollar was contributed, directly indi- 
rectly, the city for land structures upon the terminal location. 
The city, through its own departments, was authorized the 
Legislature, expend sum money for streets and bridge con- 
struction, outside the terminal property, not exceed 000 000. 

different times great many suggestions have been contributed 
the terminal management, regarding construction train shed, 
arrangement tracks, handling baggage, operation station, etc., 
etc. Many these were ingenious, some utterly useless. 
nothing accomplished wait until perfection reached, and 
undoubtedly better ahead imperfectly than not all. 

The station now being operated without delay trains people, 
and the results aimed have been reasonably attained. Later on, 
when the subway station put into service, there should still 
greater satisfaction the general operation. 
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PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE IMPROVEMENT PORTION THE 
JORDAN LEVEL THE ERIE CANAL. 


The Jordan Level the Erie Canal extends from Lock 50, about 
miles west the City Syracuse, Y., Lock 51, near the Village 

Jordan, Y., distance about miles. 
the improvement the Erie Canal, under the laws 1885 and 
1886, the work the Jordan Level was embraced Contracts Nos. 
4and the Middle Division. The canal that level runs for 
about miles through summit swamp, where the material is, first, 
ft. muck, then mixture marl and clay from ft. 
depth, then cemented gravel. Contract No. extending from ‘‘a 
point 100 ft. west the Camillas Road Bridge point 100 ft. 
west the Peru Road Bridge, distance 6.31 miles,” covers the 
worst part the marl and clay formation. This contract was let 
John Dunfee and Company, Syracuse, Y., early December, 
1896, and work was begun thereon soon after Belden and Seely 
the same city, sub-contractors, and completed August Ist, 1898. 
Allen, Assoc. Am. Soc. E., and later, Grant, Am. 
papers are issued before the date set for presentation and discussion. 
orrespondence invited from those who cannot present the meeting, and may 


sent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discu 
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Soc. E., were the engineers for the contractors, and Mr. 
Palmer, and, later, the writer, were charge Assistant Engineers 
for the State Engineer’s Department. 

The Superintendent Public Works the State was represented 
several inspectors under the orders Nelson Tubbs, Am. 
Soc. E., General Inspector the Department Public Works. 

Believing that description the difficulties encountered the 
marl beds, and the methods used overcoming them, may 
interest the members this Society, the following paper concern- 
ing the work Contract No. has been prepared. 

The writer’s knowledge the work, prior November 13th, 1897, 
derived from the statements the various contractors, engineers 
and inspectors connected with the contract; from the reports the 
State Engineer and Surveyor; from testimony taken the Canal 
Investigating Committee the summer 1898; and from article* 
Mr. George Morris, Resident Engineer the Middle Division. 


GENERAL TOPOGRAPHY. 


Nine Mile Creek, the outlet Otisco Lake, and one the feeders 
the canal, passes under the canal half mile east the eastern end 
Contract No. White Bottom Brook, the next stream any size 
west Nine Mile Creek, passes under the canal about half mile 
east the western end the contract; and between those streams 
the canal runs through level plain from half mile miles 
wide, bordered the south high hills and the north rolling 
country. 

The original canal ran along the foot the hills the south side 
the plain, crossing several small creeks between Nine Mile Creek and 
White Bottom Brook. These small streams meandered along the 
plain and emptied finally either into Nine Mile Creek White Bottom 
Brook, depending their position east west low divide. 

The present canal was located generally north the former one 
and nearer the middle the plain, necessarily crossing the small 
crooked creeks several times. the water level the present canal 
was originally below the level the plain, the natural surface drain- 
age was cut off and the canal prism formed new channel for it. 


Slips the Jordan Level Beds the Erie Engineering News, 
December 1898. 
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During the season navigation the water the canal held the water 
the old creek channels natural level places, and extensive 
swamps were formed both sides the canal. When the water was 
drawn down the canal, during the closed seasons, the swamps were 
partly drained; and during greater part year parties excavating 
marl and clay from the adjacent swamps, for the manufacture 
Portland cement, pumped the water from their pits into the prism 
the canal. 


First CoNSTRUCTION THE PRESENT CANAL. 


From all accounts, the first construction the present canal was 
difficult and costly job. Several attempts were made drain the 
marl beds, that the work the prism proper could carried on, 
and the work was completed finally building brush mat the 
line the proposed banks and dumping the material taken from the 
prism it. Three separate contractors abandoned the work, and 
finally the State was obliged finish it. 


The plans the State Engineer and Surveyor for the improvement 
the Jordan Level, under the laws 1895, provided for the lowering 
the bed the canal ft. and raising the banks ft. with the exca- 
vated material, thereby obtaining additional depth ft. water. 
The estimated quantities material moved were those shown 
cross-sections the prism and banks taken during 1895, allowance 
being made for the possible re-excavation material which might 
slide into the prism. 

The estimated cost the work, the proposal John Dunfee and 
Company, figured the published list quantities for Contract No. 
was $154 471. 


PROSECUTION THE WORK. 


The water the level was drawn down low possible through 
waste gates into several streams, but, owing the accumulated mud 
the prism, ft. more water remained. drain the prism 
thoroughly the contractor cut off all streams flowing into it, dammed 
off short sections where work was started and pumped the 
seepage water over the banks into the adjacent swamps. One small 
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stream was carried across the canal wooden flume and into old 
State ditch leading branch Nine Mile Creek. great amount 
water found its way into the prism the canal, especially during 
the months February, March and April, 1897, and several large 
centrifugal pumps were operated day and night order keep the 
prism even reasonably dry. 

soon the excavation the bottom the prism was begun, 
the soft material, the heavy banks settled, pushing the mud the 
bed the canal; the banks and slope walls slid into the prism; bridge 
abutments began settle, and there was great difficulty making 
any progress all. several places, cross-sections made one day 
would the bed the canal was higher than the preceding 
day, though the meantime several hundred men had been excavating 
mud from that portion. far posible into the under- 
lying cemented gravel, would rise several feet night and have 
re-driven, though was found that after being re-driven they did 
not rise again. 

The general plan for holding the slope walls place, during the 
early progress the work, was that driving short piles, railroad 
ties, into the soft material the foot the walls, placing toe-beams 
against them and building new wall from them the bottom the 
old one; but was soon found that the pressure the banks pushed 
the old and new work into the prism. Sheet piling was also tried, but 
with the same result. some cases, where the material the prism 
was undisturbed and only ditch was dug along the foot the slope 
wall receive the row piles and the toe-beam, the wall would stand, 

but when the remainder the prism was excavated the wall and bank 
slid. 

The surface the cemented gravel was very uneven and its slopes 
changed abruptly, that structure would rest partly the hard 
gravel and partly the soft material, the piles driven into it, 
and would settle unevenly. The berme abutment the Newport 
Bridge soon began slide toward the canal, and, after several ineffec- 
tual attempts hold place, was torn down, pile and timber 
foundation was put and new abutment built thereon. The piles 
under the abutment were ft. long, driven far possible into the 
cemented gravel (probably ft.), but when the backfilling 

cinders behind the abutment had been carried about half way the 
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top it, the whole structure began movetoward the canal, followed 
the bank and neighboring hotel. 

Timber struts were put across the bottom the canal from the face 
the new abutment the foot the slope wall opposite, and the 
movement the abutment ceased. 

The difficulties encountered during the winter 1896-97, and the 
plans proposed for overcoming them, are described report* made 
the State Engineer Mr. Gere, Division Engineer the 
Middle Division the canal, follows: 


preparing the preliminary estimate for Contracts Nos. 4and 
consisting the Jordan Level, the conditions and difficulties 
encountered lower the prism ft. were not understood and could 
not have been anticipated. For about miles the canal cut through 
swamp, the surface the adjoining land several feet above the 
surface the water the canal, and upon either bank the material 
originally excavated was deposited, forming heavy banks. Thesurface 
soil muck, underneath which quicksand and marl reaching 
some places ft. depth below canal bottom. The surface 
the swamp being high enough, was drained into the canal, 
other remedy has been provided; order the work the prism 
all these streams had closed, thus allowing the swamps fill 
with water. the whole mass marl and quicksand became 
soapy such extent that the material the bottom the prism 
would raise faster than could raised with modern dredges. The 
heavy spoil banks settled, raising the prism and carrying down the 
towing-path and old slope wall and the bench which rested 
the berme side. About one-half the length the contract has been 
excavated and the slope-walls built. Just before the opening the 
canal, the towing-path settled several feet, and the only remedy avail- 
able was adopted bridging with material hand and planking the 
surface for towing-path. The most difficult portion the work 
yet done. How change the conditions enable the contract- 
ors the work was question serious moment. 
conference with the State Engineer and Superintendent’s Department, 
was finally agreed that— 

First.—The swamps must drained. 

Second.—That order form foundation for slope-wall and 
prevent the material raising the prism each side from the 
weight the heavy spoil banks upon both sides the canal, was 
decided drive close row piles the toe the slope-wall through 
the soapy material into the underlying strata hard material ranging 
from ft., upon which, foundation, the slope-wall will 
built. 


Annual Report the State Engineer for 1897, pp. 222, 228, 224. 
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order drain the swamp, was decided construct cul- 
vert under the Nine Mile Creek feeder Contract No. give 
outlet into Nine Mile Creek, and excavate ditches upon both sides 
the canal through the swamp, covered with timber, sufficient capacity 
drain the swamp without allowing enter the canal. This work 
and the piling not contemplated the time making the estimate 
will cost about $80 000. 

The material the prism much the distance completed was 
quadrupled from raising. Slope and vertical walls and bridge abut- 
ments after completion would slide into the canal and have relaid, 
sometimes more than once. The troubles encountered upon this con- 
tract are serious and various, that attempt description will 
give but incomplete idea their magnitude, and approximate 
estimate the final cost the work cannot now made; but the 
result from ditches and pile protection proves all that anticipated, 
the work complete the contract will comparatively easy and will 
done without doubt the coming winter. 

have prepared the foregoing statement, not justification 
the cost the work under this contract, excess the estimate 
made prior letting the work, but matter history the most 
difficult work all its surroundings upon the canals this State, and 
know that this effort falls far short doing full justice.” 

Early the progress the work the beds was found 
impossible measure calculate the quantity material removed 
from the prism where the bottom was steadily rising, and payment was 
made the contractors the method known State work 
account,” whereby they were paid for the wages the men, 
and for teams, etc., with 10% added for profit, wear and tear tools 
and depreciation plant. 

The culvert under Nine Mile Creek feeder and the drainage ditches 
were built during the fall 1897, and further trouble was encoun- 
tered from the surface water. the side ditches were higher 
level than the bottom the prism, pumping was necessary free 
from ground-water, but less extent than formerly. 

During the fall 1897 piles were driven close row the foot 
the side slopes the prism, from boats, over the greater part 
the marl beds. Test piles were driven every 100 ft., closer where 
necessary, determine the length of, and line for, the close row, and 
very good alignment was secured most cases. 

the close navigation, December, 1897, the general condition 
the work the contract was follows: part the prism excava- 


7 
g 
7 


PLATE 
PAPERS, AM. SOC. 
DECEMBER, 1899. 
LANDRETH JORDAN LEVEL, ERIE CANAL. 


Tow NEAR NEWPORT BRIDGE. 


MARL. 


j 
“ee 
| 
] 


| 
q 
| 
{ 
j 
q 
7 
1 
1 
q 
q 
4 
q q 
q 


LANDRETH JORDAN LEVEL, ERIE 


tion the marl beds had been completed; drainage ditches had been 
dug; long piles had been driven the foot the slide slopes over 
the greater part the marl formation; new berme abutment had 
been built for the Newport Bridge, and the berme abutment for the 
Memphis Bridge had been underpinned with heavy stone; the greater 
part the tow path had been graded; large amount old slope wall 
had been underpinned and topped out the new grade, and new 
wire fence had been built over several miles the right-of-way. 

great amount opposition was met from farmers owning land 
through which the new drainage ditches passed, the State had not 
bought the right-of-way, and dozen more suits had been brought 
against the sub-contractors for trespass. test case has since been 
carried the Appellate Division the Supreme Court, and, thus far, 
the decision has been against the sub-contractors. 


During the summer 1897 the contractors had delivered large 
quantities slope-wall stone and gravel lining boat, and deposited 
along both banks the canal, for future use. When the prism was 
drained, the close navigation, early December, 1897, the banks 
began slide, especially that part the marl beds where they had 
been loaded with stone and gravel, and corresponding rise the 
material the bottom the prism followed. 

some sections the work the long piles driven during the sum- 
mer remained place, but where the soft formation was deepest, from 
Station 360 Station 410, and Newport Bridge, they moved several 
feet toward the middle the canal after the water was drawn down. 
The and clay the canal banks would break off with nearly 
vertical fracture, settle from ft., and mound mud would rise 
the bottom the canal. For length about miles, east New- 
port Bridge, the long piles remained place, and little sliding the 
banks occurred. soon became apparent that the plan driving 
long piles the foot the walls would not suffice all cases, and 
conference the officials and engineers both departments was held, 
devise some effective means construction. 

the result that conference the following plan was adopted. 
drive close row piles along the toe the slope walls, passing 
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through the soft material and far possible into the underlying 
hard material; drive second row piles the bank ft. back the 
first row, spacing them ft. between centers, excavate between the two 
rows down the new bottom the prism; tenon each row piles 
and bolt waling piece along each side each row; brace the 
two rows piles apart opposite every other pile the back row, 
8-in. timber; lay floor two courses 12-in. plank the 
structure thus formed; bolt heavy toe-beam along the front edge 
the floor hold the toe the new slope wall; start the new slope 
wall and fill behind with stones and gravel. 

building this plan, owing the time necessary excavate 
between the piles down the new canal tenon the piles, and 
put the waling timbers and cross-struts place, was found that the 
back row was forced toward the canal, narrow the width 
the foundation; and some cases the entire foundation moved several 
feet toward the prism while the slope wall was being built. 

possible that the plan could have been carried out successfully 
more rapid methods excavating could have been used; but the 
unstable bank would not support the weight power excavators, and 
the nearness the date for opening the canals for navigation prevented 
the adoption any plan for the removal the banks, which would 
take time for installation. 

After few hundred feet foundation had been put place with 
only partial success, conference the officials the two departments 
was held, and the following plan was adopted: 

row piles was driven the line the toe each slope wall; 
waling timbers were spiked each side each row, and struts 
12-in. built-beams were placed across the prism 8-ft. intervals, but- 
ting against the front waling timber each row piles; toe-beam 
was bolted the top each row piles; and floor for the slope 
wall was built thereon driving 10-in. planks, ft. long, into the 
material the any vertical movement ofa strut, 
pile was driven hard bottom its middle; cut off ins. below the 
level the ends the strut, and fastened securely it. Lateral 
movement the struts was prevented placing between 
ones braces made 8-in. timbers. 


The abandoned plan shown Figs. and the final plan 
Fig. 
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The best method procedure putting the construction place, 
and that followed generally, was drive the middle row piles first; 
excavate trenches across the prism for the struts; put them place 
with their middle resting the driven pile and their ends tem- 
porary mud-sills prevent their sinking into the mud; drive the side 
rows piles; bolt the wales place; cut the ends the struts off 
line and drift-bolt them the wales, wedging between the end the 
strut and the wale with hard wood when necessary; build the floor and 
slope wall; and excavate the remainder the prism soon con- 
venient. 

lessen the sliding the banks during the placing the struts, 
five them were put place, then space was left for five more, and 
group five was placed the proper distance ahead; the gaps being 
filled second gang men. 

About 700 ft. canal between Station 360 and Station 410 
and 500 lin. ft. near the Newport Bridge were repaired successfully 
the final plan. Wherever the piles driven during the former 
summer had remained near the line the new work they were used, 
but most cases they had moved far out line that new ones 
had The long piles were chiefly Michigan pine, from 
ft. long, less than ins. diameter the small end, 
under the bark, nor less than ins. ft. from the butt.” Some piles 
which had been driven from ft. into the cemented gravel, when 
forced out line the side pressure, broke off the surface the 
gravel with sharp, snapping sound. Where the side banks were 
very soft the piles were driven close row, serve also sheet 
piling, prevent the material the banks from working under the 
toe the new slope walls. other cases they were spaced ft. 
between centers. Loose stones and gravel were used filling back 
the slope walls, the quantity used being determined tally kept 

number loads delivered wagons known capacity. 

before stated, the berme abutment the Newport Bridge had 
been rebuilt and braced against the opposite vertical wall during the 
summer 1897, and the closing navigation but little sliding 
the tow-path abutment had occurred, though the vertical wall 
front had settled several feet. The tow-path abutment rested 
mud-sills about the new water level the canal and ft. above 
that the bottom the new vertical wall built front it. 
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keep the abutments place during the construction the new 
vertical wall, and the consequent removal the temporary struts, 
new brace was built between them. The new brace was similar 
oil-well derrick laid its side, its base covering space about 
ft. ft. the berme abutment, and its top pressing against the 
face the tow-path abutment high enough permit the construc- 
tion the new vertical wall. The placing new brace, building 
pile and timber foundation for the vertical wall, and the construction 
the wall itself were completed without any movement either 
abutment taking place. Inclined struts were built from the back 
the foundation the new wall the bottom the front face the 
tow-path abutment prevent its sliding whenever the main brace was 
removed. Several small slides occurred the banks when the water 
was let into the level, May, 1898, where struts had been used, 


but all cases, except one, they were repaired before the level was 
full. 


DESCRIPTION THE MATERIALS EXCAVATED. 


The marl varies color from pure white yellowish white. 
handled readily when dry plastic, but becomes very slippery 
when wet. lies horizontal layers, varying from few inches 
foot depth, with very thin layer black decayed vegetable matter 
separating them. The marl deposit, taken whole, varies from 
ft. depth, and its depth often changes abruptly. 

The clay underlies the marl, and dark gray color, with some 
layers which are nearly the color common blue clay. lies 
horizontal layers, varying from in. ft. depth, separated 
very thin layer lighter colored and finer clay, upon which the 
different layers slide when disturbed. Theclay can handled readily 
when plastic dry, but flows like water when saturated. dried 
carefully, prevent caking, all passes 60-mesh screen 
and about 10% held 100-mesh screen. shrinks about 10% 
when dried, and contains from 0.08 0.10 sharp sand. 
some parts the clay beds there layer sharp sand from 
ins. thick between the clay and the underlying cemented gravel. 

works the Empire Portland Cement Company, Warners, 
Y., Portland cement excellent quality made mixing equal 
parts marl and clay. The process manufacture known the 
the output the works being 600 bbls. per day. 
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The following analyses the clay and marl are taken from 
description the works the Empire Portland Cement Company.* 


Percentage Percentage 
clay. 


40.48 
20.95 

25.80 

0.99 

8.50 

When saturated, the clay acted like quicksand, and some persons 
that name; but, the writer’s knowledge, true quick- 
sand e., mixture rounded particles sand and clay, the sand 
predominating) was encountered the work. 

few places fine, clean sand was encountered, which was forced 
miniature geysers the under pressure the water, and 
first sight might taken for quicksand; but true quicksand, which 
will flow through crevices and holes where pure sand will not, and 
which, the writer’s experience, has always been mixed with finely 
divided clay, was not found Contract No. 

The cemented gravel consisted gravel from the size pea 
pieces ins. diameter, cemented with material which, color 
and apparent composition, resembled the marl closely. When 
blasted and dumped pile, the cemented gravel re-cemented itself 
such extent that, the end few weeks, blasting had 
resorted order loosen up. 

The writer was informed the chemist the Empire Portland 
Cement Company that the cemented gravel was mostly carbonate 
lime, similar the marl. 

The rock was chiefly shale, ledges from ins. thick, and 
was drilled and blasted, except where the cutting was only few 
inches thick. Rock, which was very hard when excavated, slaked 
and turned into mud after few weeks’ exposure weather. The 
cemented gravel also softened for few inches depth when 
contact with water for several weeks, making very treacherous 
material for side slopes, unless protected slope wall stone. 
All the soft material removed from the prism, during the winter 
1897-98, was carried least 100 ft. back from the canal and spread over 
the surface the adjacent swamps lessen the weight the banks. 


The Engineering Record, July 16th, 1898. 
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TABLE No. QUANTITIES AND Prices 


No. 

‘Quantities. Items. Unit. Prices 
and clearing...... Lump sum. $500.00 

channeling......... Square feet. 0.10 
delivered......... Lineal feet. 0.10 
White oak timber and plank.. 000 feet, 50.00 
Bridge, culvert receiver Cubic yards. 7.00 

pointing Square yards. 0.50 

ubic yards. 5.00 

MATERIALS FURNISHED STATE. 


The clay was very heavy, weighing from Ibs. per cubic 
foot; and from cu. ft. wheelbarrow load was all that 
man could push the plank runways out the prism. Most the 
clay and marl was removed wheelbarrows, although clam-shell 
derrick was used with success part the work east Warner’s 
Bridge, where the material was comparatively dry. 

the marl beds, the slope walls were built quarry stone, 
being found that the cobbles which the old wall was composed slid 
each other, when covered with the clay, such extent 
that they could not kept the wall. 


i; 
q 
= 2) 
: 
i 
4 
| 
j 


1034 LANDRETH JORDAN LEVEL, ERIE 


TABLE No. QuANTITIES AND PRICES GIVEN THE 


Unit 
Lump-sum 


Quantities. 
price. 


Bailing and 000.00 
excavation 
Masonry 
... Lining 
White oak, timber and plank.. 
cee coping. 
dry 
Loose stone filling 


bridges 

MATERIALS DELIVERED. 


2000 ft.,B.M.. timber and plank 
Spikes and nails 


ft., 


ins. diameter 
ft.—35 ft. long, delivered 
40ft.—45ft. 
50 ft. “ “ 
SEPTEMBER 30TH, 1897. 
.|Grubbing and clearing State ditches. 
Bailing and draining 
PAID FOR WITH PROFIT ALLOWANCE. 
Total Per Estimate November 


FEBRUARY 2p, 1898. 
Bailing and draining White Bottom Brook culvert... 
Lead, White Bottom Brook Culvert 
1898. 
Portland cement used concrete excess con- 
tract proportions 
FEBRUARY 


on 


276 
255 
61522 
500.00 
Ibs. 0.10 
600.00 
2.00 
i 
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Cost. 


The cost the work the marl beds, being scattered through 
many monthly estimates, can only determined laborious ex- 
amination the field and estimate books; but the writer believes the 
following statement thereof close approximation the actual 
cost the State. 

Side ditches (on Contract No. 000 


stated previously, the estimated cost the work Contract 
No. the letting the contract, was $154 471, calculated the 
quantities shown Table No. and the prices bid. 

Table No. copy the last monthly estimate made the 
writer Contract No. and includes all the work done thereon; but 
informed that final settlement has not yet been made. 

The quantities and prices only are given, except cases where 
lump sum was paid, and the force work. The official 
copy the estimate contains the totals dollars for each item, but 
full copy not hand. 


The total cost the work shown the foregoing estimate was 

$606 854.52, and the writer informed that estimate the office 
force the Middle Division, from the field notes Contract No. 
makes the true amount about $400 less. 
seeming excess length piles driven, over the length 
delivered, stated the estimate, explained the fact that all 
piles except those the foot the walls were driven $0.15 per 
foot; making real excess 351 ft., piles delivered. this 


excess piles delivered, 055 ft. was the length cut-off and the 
remainder the length piles hand the completion the work, 
the property the State. 


GENERAL Account 


The management the work force was placed the 
hands competent General Superintendent the Department 
Public Works who changed the force workmen necessary, fixed 
the rate wages, and had full control the laborers. 
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The time was kept one timekeeper for the Contractor, one for 
the Department Public Works, and one for the Engineering Depart- 
ment; and every day’s account was compared and checked that day, 
material differences the accounts the three timekeepers being 
referred the Contractor, General Superintendent and Engineer for 
investigation and settlement. 

The General Superintendent and the Engineer worked harmony 
and had daily conferences regarding the best methods prosecuting 
the work. Payments were made only the sworn statements the 
Engineer and his timekeeper the accuracy the pay rolls; and 
every precaution was taken against errors creeping in. 

The number men working ‘‘force account” varied from 200 
600, depending the amount work going on. 
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COMPARISON WEIGHTS THREE-HINGED 
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PARABOLIC ARCH. 


Discussion.* 


Hupson, Assoc. Am. Soc. (by letter).—It gen- Hudson. 


erally fair assume that the weights details for trusses the same 
type, and not greatly varying spans, are certain percentage the 
weights the main members, but not assumed that the 
same percentage holds between different types trusses. 

the case the three-hinged spandrel-braced arch compared with 
the two-hinged arch, evident that the details the three-hinged 
arch will heavier than those the two-hinged arch least the 
following: First, the weight the center pin; second, the weight 
part the pin plates bearing the center pin; third, the weight 
additional details, for center top chord and center vertical post, 
give proper adjustment for these members for the great range height 
the center pin; and fourth, for the case the 200-ft. arch spans 
compared, there great saving details favor the two-hinged 
arch, due the fact that the arch ring the three-hinged arch was 
greater dimensions, thereby requiring larger gusset plates for con- 
nection web members, also requiring larger and heavier battens and 
lattice throughout the arch, the members the arch other than the 
ring had made wider than necessary order take the arch- 


Continued from October, 1899, Proceedings. See August, 1899, Proceedings for 
Paper, Hudson, Assoc. Am. Soc. E., this subject. 
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Mr. Hudson. ring gussets. These heavier battens, lattice, and gussets the arch 
ring could have been avoided taking ring the same size for 
-the two-hinged arch; but then there would have been loss about 
500 lbs. the main material the arch ring, due the greater 


value 


From this see that the fourth saving can made, either the 
details the entire arch the main material the arch ring. This 
due the fact that there not such great difference between the 
sections the arch ring and the sections the other members the 
arch for the two-hinged for the three-hinged arch. 
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IMPACT TESTS STRUCTURAL STEEL. 
Discussion.* 


Bent Am. Soc. (by letter).—Since the paper was Russell. 


presented the Society some further experiments have been made 
the author, and thought order present them briefly 
closing this discussion. The experiments given the paper were all 
made the first impact machine, which has hammer pendulum 
weighing 103 lbs. The second machine, lately completed, has 
hammer weighing 203 lbs. 

order throw more light the errors this method test- 
ing, series experiments was made, testing the same metal with the 
two machines. 

Table No. gives the results these comparative tests. All the 
specimens each lot were cut from the same bar. The fork bar used 
weighed 3.86 lbs. The heavier hammer gives higher result one 


TABLE No. WEIGHT HAMMER. 


Metal, Wrought iron. Lot No. Resilience 


hammer. hammer. 


given inch-pounds per square inch tensile test. Test bar 
shown Fig. Each value the mean six tests. 

Continued from October, 1899, Proceedings. See August, 1899, Proceedings. for 
Paper, Bent Russell, Am. Soc. E., this subject. 
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Mr. Russell. case and lower result the other. 


[Papers. 


This would indicate that increas- 


ing the weight the hammer has material effect the result. 
Similar comparative tests were made with cast-iron bars, broken 
transversely. All these tests showed higher value resilience for 
The difference ran about 10%, indicating that 
the error the machine less with the heavier hammer. 
Table No. gives the results tests made with the new machine 


since the paper was presented. The values may compared with 
those Table No. 


the 103-lb. hammer. 


TABLE No. Bars. 


PER 


Bars nicked shown Fig. Tested with hammer. 


Metal. 


Soft 


Lot number. 
Number tests 
made. 


sile strength 
pounds 


square inch. 
Percentage 


elongation 


ins. 


Rg. 


eo 
53°93 
3 
0.25 100 
0.44 660 
0.50 800 
0.38 270 
0.44 140 
0.38 808 
0.36 120 
Mill test, web. 


Remarks. 


6-in. channel, flange. 


Angle bar 60-Ib. rail. 
Planed from 34-in. bars. 


steel rail. 


Washington University test, flange. 


The test Lot No. especial interest, showing that high- 
grade steel may show ultimate resilience, resistance shock, 
equal that good grade wrought iron. All these tests were 
made with fork bar weighing 3.86 lbs. 

Now, regard the point raised Mr. Broomall, would seem 
the author that such machine describes were built, 
would still fail having all the energy the blow absorbed the 
specimen. the case tensile tests would still have energy ab- 
sorbed the spring the fork bar, and account the inertia 


the fork bar. 


account the inertia the specimen bar. 
might avoided this device would those due the yielding 
Now, from observations made upon the 
rigidity these supports, believed that such errors may made 
inconsiderable, properly designed machine, for all ordinary tests. 

might profitable, however, build such machine Mr. 
Broomall suggests, order determine more definitely and positively 
what energy lost yielding supports. 


the fixed points support. 


transverse tests would have energy disappear 


The only losses which 
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TEST MECHANICAL FILTER. 
Discussion.* 


Assoc. Am. Soc. (by letter).—It Mr. Williams, 


would interesting learn whether the samples for analysis were 
taken from the filtered-water well shown Fig. Plate VIII, 
from above the floor. Judging from the illustration seems 
hardly probable that taken from the latter they would represent 
the condition the water supplied the consumers, and they were 
taken from the well does not seem possible that they can represent 
the conditions for any great length time. 

Many know the ease with which dust and filth, not mention 
liquids, will pass through timber floors. From the drawings the 
description the plant, there does not appear any provision 
made for preventing the passage such accumulations, well 
the coagulant that might spilled upon the floor, through into the 
filtered water. would surprising learn that this important 
point has been really overlooked, but has, the filtration this 
supply must one the greatest farces which have had 
record, however well satisfied the consumers may with the water 
furnished. 

discussion (of the paper Edmund Weston, Am. Soc. E., printed 
the Proceedings for September, printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 
(See rules for publication, Proceedings, Vol. xxv, 71.) 

Communications this subject received prior January 26th, 1900, will 


printed later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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Mr. Fuller. 


interesting one, that adds the meager data now available 
with reference the purification, this method, waters which are 
soft and also times quite highly colored. Owing the fact that the 
views water-works men are not well crystallized the best 
method treatment for waters this type, the subject import- 
ant one for discussion. 

connection with the results this test, presented the 
paper, there are number points upon which desired make 
comments and inquiries, follows: 

Color the Raw Water.—One the most important lines informa- 
tion, from practical standpoint, connection with the purification 
water this type, record the color which con- 
tains, due organic matters dissolved it. These data are requi- 
site for water this class are records turbidity and amounts 
suspended matter the silt and clay-bearing waters Western rivers. 
With this method purification, color records bear directly upon 
the amount sulphate alumina required; the margin alkalinity 
the required provisions for coagulation and subsidence; and the per- 
centage wash water. 

The paper does not state the method which the recorded results 
were obtained; but, pamphlet issued recently the New York 
Filter Manufacturing Company this same subject, noted that the 
color results were obtained the Nesslerized ammonia scale. The 
speaker thinks that the use this scale unfortunate for this line 
work, for the reason that not progressive one, and that the 
amounts color for successive tenths this scale are quite variable. 
That say, the individuality the scale obscures the relationship 
between color and several factors practical value, noted above. 

The question color standards has been investigated thoroughly 
several places, and was discussed fully Desmond FitzGerald, 
President, Am. Soc. E., the 1893 report the Boston Water 
Board. For this line work the platinum-cobalt standard much 
more desirable for yielding data practical value. comparison 
the two color scales, according Mr. FitzGerald, follows: 

Nesslerized Ammonia 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 1.00 

Equivalent Platinum Scale. 0.26, 0.39, 0.46, 0.52, 0.58, 0.63, 0.70, 0.81 

From this table seen that according the more consistent 
platinum scale the recorded results for the raw water are too high, and 


the filtered water they are too low. 


color refers properly only dissolved matters, the results 
would also abnormally high the raw water possessed tur- 
bidity which was not removed prior reading. 

Relations between Color and Required Sulphate Alumina.—The avail- 
able evidence indicates that, when the raw water contains more color 
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than removed with the use 0.75 1.00 grain sulphate Mr. Fuller. 


alumina per gallon, necessary add this chemical the approxi- 
mate ratio about grains per gallon for part color the raw 
water when the latter expressed the Sulphate 
alumina this case would the ordinary grade, containing approxi- 
mately alumina soluble water, having about 80% the 
strength the grade used the East Providence test. 

Keeping mind the relationship expressed above, there are found, 
upon studying the data recorded this test, two points upon which 
the speaker would pleased obtain further information, 
follows: 

the amount coagulating chemical was applied the raw 
water regardless whether the latter contained 0.3 1.0 part 
color the Nessler scale, the indications are that there was con- 
siderable waste chemical the former instance. 

The practically complete removal color when was highest 
the raw water grain sulphate alumina appears 
decidedly out line with what little evidence there available upon 
this subject. 

Alkalinity.—Here again the paper does not state what method 
the analytical results were obtained, but from recent article The 
Engineering Record learned that they were obtained with the aid 
methyl orange indicator. This procedure, applied this 
particular test, very questionable one, that this method, even 
when the composition the indicator used such make 
sensitive possible, incapable showing the presence unde- 
composed sulphate alumina the filtered .water. fact, 
experience shows that the filtered water should contain several 
grains per gallon undecomposed coagulating chemical quite 
probable that with this indicator the filtered water would recorded 
slightly alkaline, notwithstanding the fact that would 
markedly properly tested reliable indicators, such lack- 
moid and erythrosine. 

With the grade sulphate alumina used this test 
probable that average about parts alkalinity are required 
decompose grain per gallon the applied chemical. Turning 
now the table alkalinity results recorded this paper, 
noted that for period several weeks the raw water ordinarily con- 
tained rather less than this required amount when treated with 
grain. From this évidence would appear very probable that the 
filtered water contained undecomposed sulphate alumina small 
amounts with considerable regularity that time. 

Relation between Color and Alkalinity Raw Water.—In connection 
with the purification water this type, especial importance 
ascertain the minimum alkalinity the raw water and the color 
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Mr. Fuller. which possesses such times, and also the amount alkalinity 


times when the water colored most highly. means alone 
can foretold definitely what the probable chances are meeting 
the inadmissible state affairs having undecomposed coagulating 
chemical the filtered water, and whether not necessary 
times resort the practice making applications alkali the 
water during treatment. 

East Providence the data are very meager this respect, 
they are almost every other instance soft, colored waters, within 
the speaker’s knowledge. 

Chemical principal point connection with the 
results the ordinary chemical analyses water before and after 
filtration the reduction the nitrogen the forms free and 
albuminoid ammonia, which, found elsewhere, seen quite 
marked; and leaving all probability only such organic matter 
the filtered water stable its composition that has prac- 
tically significance from hygienic standpoint. 

The reduction the total solids and the ferric and aluminic 
oxides explained normally the removal the silt and organic 
matter the raw water. Concerning the determination aluminic 
oxide, there very little reason believe that throws light upon 
the presence undecomposed chemical the effluent. 

The other determinations, recorded, ought not show any 
difference the results between the raw and filtered water. The 
increase total hardness abnormal, ordinarily the reduction 
carbonate hardness corresponds exactly the increase sulphate 
hardness, thus giving the same total. 

Bacterial Results.—It will noted that the numbers bacteria 
the filtered water are very low indeed, judged evidence from 
other filter plants, and this course explained very fully the 
thorough the raw water, which ordinarily must have 
been obtained with the liberal amount sulphate alumina which 
was used. this connection, the speaker would like inquire 
the reaction the culture medium which was used, and also the tem- 
perature which the bacteria were cultivated. 

Growths page 531 one would gather the idea that 
suggested that growths bacteria within the filter might explain 
part the presence some the very few bacteria which the filtered 
water contained. The evidence indicates that this idea, connection 
with the East Providence results, has very little substantiate it, for 
the following principal reasons 

The opportunities for growth the sand layer mechanical 
filter are very much less than the sand layer English filter, 
because, ordinarily, the former washed and agitated least once 
day, removing thereby the majority the bacteria which are attached 
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the sand grains, and especially those bacteria which are most favor- Mr. Fuller. 
ably located with reference food supply. 

While true that the bacterial results the effluents Eng- 
lish filters frequently show quite marked degree the results of. 
bacterial growth within the sand layer, the fact that this particular 
mechanical filter the rate filtration was something like times 
great ordinarily the case English filters would cause such 
dilution the few bacteria which might possibly grow the sand, 
that would appear cause this factor drop out comparative 
significance the connection which used. 

Wash Water.—The records this test, given the paper, contain 
statement with reference the frequency washing the sand 
layer, and the amount water required for that purpose. Thisis 
important matter the test mechanical filter, and especially 
where used with fairly high-colored water, and which there 
provided only minutes’ time average period coagulation 
and subsidence prior the entrance the water into the filter proper. 

The speaker would like inquire there are any data upon this 
topic. 

Automatic Controller.—The automatic controller described one 
the most interesting features the plant from mechanical stand- 
point, and would interesting know what head requires for 
its normal operation, and what the pressure the filtered water upon 
was the end the run, where recorded that the variations 
the rate were less than one-half per cent. 

Cost Operation.—It would seem that this connection the item 
wash water should appear. Obviously had some value applied 
under pressure the bottom the sand layer connection with the 
agitation the latter. 

With filter this type the cost labor, efficient operation, 
ordinarily considerable item. Although additional labor may 
required this particular instance, would seem only reasonable that 
there should pro rata charge against this item, the filter plant 
doubtless increases materially the amount work for the pumping 
station attendants. 


Am. Soc. E.—The question filtration Mr. Gould. 
water becoming very important one, upon which hydraulic 
engineer present can afford uninformed. The speaker has 
been very much interested this paper and Mr. Fuller’s remarks, 
and thinks there are number points which could, with great 
interest, elucidated regard this question. between the 
slow, sand filtration and mechanical filtration, the prevailing 
that the former preferable; that the standard method 
filtration. But the great area which required for the filtration 
large supply water, and the necessity which seems exist the 
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Mr. Gould. 


Mr. Currier. 


climate the greater part the United States for covering these 
filters, makes the proposition somewhat formidable. anything 
quicker, smaller and cheaper can devised, will very great 
benefit, and, far the speaker can judge from his reading what 
going throughout the country, mechanical filtration seems 
coming very much into prominence this very account. recent 
reports very high authority, filtration certain supplies 
which the speaker’s attention has been called, stated that 
exactly the same purification would obtained whichever system was 
used. that can established fact, the mechanical system 
filtration certainly has much recommend it. 

The speaker would like informed one point which would 
seem constitute possible superiority the mechanical filter. 
Although, the slow sand filtration, far the greater part the 
purification effected the upper quarter-inch half-inch the 
fine sand, and the gelatinous film which formed the water itself, 
that the lower courses the filter, the coarser sand, the gravel, the coarse 
gravel, and through all the gradations, exercise some refining and 
purifying the water. Therefore, those beds toward the 
bottom filter the water some extent, they must retain some its 
impurities. Now, far the speaker knows, the cleaning sand 
filter limited entirely tothe removal the upper quarter-inch, half- 
inch, inch, whatever may be, the top surface, and has 
not yet seen any account the removal, cleaning and replacing the 
entire filtering material, whether 4ft. deep. all the 
filter filtering, and thereby retaining impurities greater less 
quantity, would seem that all the material should renewed 
occasionally. But, when the mechanical filter washed, all the 
material washed; the whole filter from top bottom cleaned, 
and that might point superiority. the period during which 
sand filter bed laid off for the purpose having the surface 
scraped long enough accomplish the purification the rest the 
filter aeration? Has ever been found necessary sand filters 
remove occasionally the entire material and clean it? must 
increase greatly the cost operation and maintenance. 

Currier, Assoc. Am. Soc. E.—Filtration water 
large scale gradually becoming necessity for various our com- 
munities, and the skilled hydrologist knows how recognize this 
better than politicians. Many supply, which appears excellent 
those who judge merely the clearness, the taste, the color, and 
even the results chemical testing few samples, regularly 
irregularly means bringing disease varying proportion 
those who drink it; while supply may highly colored and contain 
much and still harmless, as, for instance, that from the 
Dismal Swamp,” which years experience have shown whole- 
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some. The Croton water-shed yields excellent water judge Mr. Currier. 


the mortality statistics New York City, although seems 
somewhat bad times citizens visitors who happen see 
vegetable detritus which appears certain seasons. 

So, too, expert would condemn any considerable area the 
water-shed was much like sewer and receptacle for refuse the 
tributary stream which flows through Brewsters. The beneficent pro- 
cesses Nature, operative during the interval after the water leaves 
this region fouling and storage and flowing gently onward dilu- 
ted more wholesome water, serve minimize greatly the danger 
coming from contamination there. Yet sanitary engineering work 
needed there and elsewhere, and public filtration the entire Croton 
supply would make more satisfactory, although other cities stand 
more need the process. 

Sand filters have been use England for more than half cen- 
tury. Until about sixteen years ago they were not recognized 
having other than the obvious merit clarifying water and producing 
some chemical improvement Berlin, where this method had 
been introduced 1856, extensive new beds were constructed 1883, 
for the Tegel river-lake supply, strain out the growths 
which, owing the presence iron the supply, developed 
extensively obstruct the pipes. that time the recently devel- 
oped Koch nutrient-gelatine method testing for bacteria was tried 
and soon revealed the fact that such filters, when working properly, 
had the great hygienic merit holding back almost all the bacteria, 
besides all visible impurities which abounded the crude supply. 
This admirable result was found due the dense film minute 
vegetation, silt and other fine sediment which caused settle 
upon the top the freshly cleaned upper layer fine sand before 

any water allowed filter through. Some chemical improvement 
also takes place especially the upper portion the water passes 
through, though Frankland classes this and, from the 
point view disease-prevention, wholly unimportant com- 
pared with the practically complete arrest any bacteria capable 
inducing typhoid fever other water-borne disease. 

should stated that—despite number special methods for 
isolating typhoid bacteria—it nowadays not regarded practica- 
ble, regularly, detect these bacteria water; and the advertisers 
who, after examination given sample water, assure people that 
their supply free from the germs typhoid, ought not relied 

upon. 

with the very few varieties domestic filters, such the Berke- 
and the which are capable rendering water 
germ-free, with all other filters for rendering water fit drink, the 


Transactions, Am. Soc..C. E., Vol. xxiv, pages 58. 
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Mr. Currier. essential quality the mechanical straining action produced 
dense obstacle between the crude supply and the wholesome effluent. 
sand filters the continuous surface film must, above indicated, 
produced and maintained perfect and unbroken. Otherwise, the 
product unfit for use case there any disease germs the crude 
supply. For filters, which, like that described 
Mr. Weston, the water flows through relatively small bed sand 
fifty sixty times fast the safe rule with the slow, gravity 
sand beds, and which are cleansed and renew their films many times, 
while the slow filters are making single run days weeks, 
necessary add suitable coagulent, such iron salts, or, more com- 
monly, alum sulphate. One part this latter salt, even little 
more, 100 000 parts crude water usually added during the 
entire flow, and, insure satisfactory film, most operatives add con- 
siderably more than this the first water let the beginning after 
each washing. reply the question whether the very minute 
amount undecomposed alum, which present the effluent 
successfully managed mechanical filter, any way detrimental 
health, objectionable any industry, may said that suffi- 
cient evidence can adduced against the careful use alum this 
way. 

testing numbers different makes mechanical filters under 
various conditions during the last decade, the speaker has found them 
vary considerably efficiency. they were well managed and 
not overworked they were found capable yielding results compar- 
able with those the best slow gravity sand beds. But altogether 
too often the operatives are careless, even the plant adequate and 
the appointments good. When not their best they are inferior 
good gravity beds. When yielding regularly such excellent efflu- 
ent Mr. Weston’s figures, even though the cost 
operating considerably greater than indicates, they would 
preferable the large, slow sand-bed filters places where suitable 
location for the latter type not available, where fine sand the 
right sort not readily obtainable moderate cost. The usually 
lesser first cost the plant, compared with that the large, slow 
beds, when well constructed, influencing element. Against them 
may urged that their constant efficiency depends too much upon 
the persons operating them, and that defects the hygienic quality 
the effluent cannot detected until that has got beyond reach 
general reservoir, not already consumed. each properly con- 
structed slow gravity bed, the other hand, separate storage basins 
are now favor, and these can retain the effluent given filter bed 
until the usual test has shown whether the water used 
wasted. 


Mr. Fuller has remarked, the increase one-fifth hardness 
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shown the paper contrary the rule and must depend some Currier. 


element not explained therein. The extent bacteriological purifica- 
tion notable. answer one the queries proper state 
that the very competent gentleman who tested for bacteria, all prob- 
ability used the familiar Koch’s gelatine culture test, and his experi- 
ence and reliability should cause one give full credence his 
report. When for three months constant practical use the filter 
the effluent reveals this test less than ten bacteria for every thousand 
which were the crude water, that very good showing. Yet the 
best slow gravity beds would likely show less fluctuation than 
evident from the latter half Table No. and Table No. (May 
6th). fair assume that this same filter would have developed 
still higher ratio efficiency the same crude water the number 
bacteria had been high occurs some other unfiltered waters. 

considering water-filtration results, too much relative import- 
ance still attached the chemical purification.” The presence 
ammonia the filtrate does not itself mean any menace perfect 
wholesomeness. Good distilled water may show far greater propor- 
tion this than occurs any natural supply. So, too, near the sea 
coast saline region chlorine expected water supplies 
hygienically absolutely importance that this found 
reduced even much more the effluent this other excel- 
lently working filters. the iron lessened three-fifths and the color 
more than four-fifths (tested any constant, acceptable way) and the 
water thereby rendered more acceptable, that, course, appeals 
the users and far benefit. But what they not appreciate, 
and what nevertheless paramount importance, the immense 
amount bacteria kept out the purified supply the best filters, 
and with which any chance disease germs are also held back and 
annihilated. Some waters, apparently quite wholesome, have con- 
siderable number bacteria, and the other hand, waters can 
infected with the germs typhoid fever and other diseases and yet 
have relatively low number bacteria all kinds. not 
itself the mere quantity much the nature the bacteria present 
which makes the element positive danger drinking water. 
Since the separation practically all the bacteria bad 
tionable water supply means also the removal all germs disease, 
that should the ideal and practical result always aimed at. with 
this exceptional degree chemical purification achieved, 
much the better. Inasmuch the nutrient-gelatine culture test 
simple and easy carry out careful people, even they not 
all familiar with laboratory technique, that valuable test should 


used regularly uniform way connection with the operation 
all filters. 
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THE ARTIFICIAL PRESERVATION RAILROAD 
TIES THE USE ZINC CHLORIDE. 


Discussion.* 


Mr. Curtis. Curtis, Am. Soc. (by the 


author undertook the investigation the treatment railroad ties, 
was desirous making complete, possible, and for this pur- 
pose applied for information the manufacturers all preserving 
materials, all the treating works this country and all the rail- 


roads which, far could ascertain, had ever experimented with 


treated ties. The vulcanizing process was the only one, known 
him, not investigated. 

was favored with replies most his inquiries, and followed 
all the avenues investigation opened. The resulting informa- 
tion regarding other preservatives than chloride was slight 
practically valueless, and concluded mention them. 

There question the superiority creosoting over any 
other treatment, but would rather difficult prove Amer- 
ican records. account the cost the treatment, most the 
creosoted material has been used for other purposes than ties; and the 
object sought has been not much protection from decay from 
destruction marine life. 

Where creosoted ties have been used, generally record them 
has been kept, and accurate life for them can computed. 


*Continued from October, 1899, Proceedings. See April, 1899, Proceedings, for 
Paper, Walter Curtis, Am. Soc. E., this subject. 
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those given the paper for Burnettized ties the Southern Pacific 
the Atchison, Topeka and Santa roads, are obtainable. 

The author does not desire understood condemning any 
the processes use. simply could not find sufficient evi- 
dence justify him presenting them. 

unfortunate that impossible give exact data covering 
all the ties treated with zine chloride; but seems unwise and un- 
scientific belittle what have not more. The material 
question is: our information sufficient enable draw reason- 
ably correct conclusions—not, perfect The statement made 
one gentleman, that are further ahead our knowledge the 
subject 1899 than were 1885, view the records the two 
roads above mentioned, omitting all others, absurd. 

Mr. Lowinson speaks unfavorable experience with Burnettized 
ties the Erie Railroad. This statement has been the subject the 
same critical examination given the original investigation; and 
proven entirely error. The Erie Railroad has made 
experiments with Burnettized ties, except specified the report 
the Committee 1885, and quoted this paper. The author 
advised Mr. Lowinson that his statement was incorrect; due either 
his misunderstanding information given him misinformation. 
the author seems probable that was due confusion processes. 

Replying further Mr. Lowinson’s discussion, the distribution 
the chloride throughout tie quite uniform. The analysis ofa 
tie which had been service for years the Union Pacific Rail- 
road, given page 224, showed the same amount the preserva- 
tive the center the ends the tie. the analyses given 
Mr. Noyes, page 472, the percentage chloride the center but 
little smaller than the ends. Table No. shows very much more 
the edges than the center; but this probably due the test 
having been made soon after injection. The statement made that 
the chemicals diffuse themselves throughout the timber after the 
treatment has ceased, and while still solution before the water has 
evaporated. analyses are hand, however, prove this; but 
there doubt the uniformity the injection. 

Generally, measures are taken protect ties where cut 
bruised after treatment. Undoubtedly, reduces the life when ties 
are thus injured, but, the treatment not being superficial one, 
perhaps not serious with some other treatments. Naturally, the 
more surfaces open attack, the more rapid the failure. 

The author does not say that the transverse crushing negligible 
quantity; fact, expressed himself the contrary opinion. 

regretted that Mr. Haines has been able find few 
facts the paper; only necessary, however, call attention 


figures comparable, either accuracy number considered, with Mr. Curtis. 
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Mr. Curtis. his misunderstanding Mr. Kruttschnitt’s experience. The treat- 


ment ties the Atlantic System was begun 1886 under his direc- 
tion, and has given his continued attention ever since; his 
statements date from that year, not from 1894, Mr. Haines states. 

The data Mr. Boggs gives for the creosoted ties the Houston and 
Texas Central Railroad are valuable and tend confirm the general 
opinion the value creosoted ties, when properly treated. 
feared, however, that hopeless task endeavor persuade our 
railroad officers spend cents for treatment, however good the 
results may be. 

Apparently, the experience with Burnettized ties, cited Mr. 
Boggs, has little bearing the value such treatment; the material 
used being poor, the treatment defective, permit physical 
failure rather than decay. 

The notes regarding Swiss practice, given Mr. Wagner, are 
interesting; but the American public suspicious foreign data 
unless they are complete permit independent opinion 
being formed. The conditions may entirely different the conclu- 
sions reached may based upon number facts; and 
unless the information comes from one who has investigated the 
situation personally, and who known our railroad officers, 
doubtful foreign data will get much hearing before them. 

The near future will, doubt, give more men like Mr. Noyes, 
who can speak from long-continued close contact with the question. 
emphasizes one the difficulties mentioned the original paper, 
viz., the necessity for sound material. Many ties treated the past 
have been dead before they were treated, and should have gone into 
the fire instead the cylinders. Careful inspection experienced 
men will greatly decrease this risk, however; and the rule should 
reject improper material whenever found, regardless the number 
inspectors may have already passed. 

The reason given Mr. Noyes for the necessity seasoning after 
treatment the zinc-tannin process, viz., permit the particles 
artificial leather lose their water and become hard, seems rational. 
There doubt, the author’s mind, the necessity for this 
seasoning with either the processes, but would seem 
especially desirable with the double treatment. 

The author has just completed experiment demonstrate what. 
difference the rate absorption there might timber treated 
various ways. tie was selected, cut into four pieces, each weighing 
hours and placed vacuum for hour. No. was treated 
the same, and, addition, was under 100 lbs. pressure 
solution for hours; other words, was Burnettized. No. was 
treated like No. and, addition, received the glue and tannin 
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treatment. No. was left its original state. All pieces were then Mr. Curtis. 
placed over the boilers, where they were subjected slight heat only. 

After days they were weighed again, and then all were immersed 

water. The resulting absorption, after hours, was lbs. for No. 

for No. lbs. for No. and Ibs. for No. 

conclusive judgment can based one experiment, but this 
seems indicate that glue and tannin are effective decreasing the 
absorptive power timber. tie treated with these specimens, and 
given the full zinc-tannin treatment, weighed 163.5 before and 
195.5 lbs. after treatment; and two weeks later, after exposure the 
ground, part the time the rain, weighed 174 lbs., showing how 
rapidly ties lose the water injection. 

Mr. Noyes refers 305 ties treated Las Vegas and 
placed the tracks North Topeka 1885. 1891, 99.3% were 
still service, and only showed signs decay. Mr. Noyes says 
that 1895 all those the 4°-curve (153 number) were taken out, 
principally because wear under the rail and spike-killing. the 
152 the tangent, only were removed, leaving 130 still in. 
October 31st, 1896, were still track. letter the author, 
dated November 17th, 1898, Mr. Engineer, stated that 
were then track, but that they were bad condition, and would 
soon have removed. Mr. Noyes states, also, that the average life 
white oak ties this point but years. These treated ties were 
the New Mexico mountain pine, having life, untreated, from 
years. The treated ones North Topeka lasted years the 
curve, and the average life those the tangent years, thus— 


ties removed 1895, after years............ 220 years. 
track, 1898, but considered worn out, 


152 average life 11.92 years.............. 


Mr. Wallace expresses very well the view which railroad operators 
take all questions connected with their work, and view with 
which the author has disposition find fault. begin the use 
tre. ted ties large scale means either the investment large 
sum money plant, the incurring large liability 
private works for term years. When can demonstrated, 
however, that good results have been secured least two large 
roads, the element uncertainty very largely removed. Even 
the experimental ties laid Junta and Topeka, described page 
219, and those North Topeka, just referred to, are rejected being 
only experimental, and those the Ft. Wayne and the Duluth and 
Iron Range Railroads being too recent, there remain the records 
the New Mexico Division the Atchison, Topeka and Santa Rail- 


at. 


Mr. Curtis. 
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road, which show that during months ending December 31st, 1898, 
694 the ties treated 1885 (being about one-fourth the total 
number treated that year) were removed from the tracks, leaving 
considerable number stillin. The renewals this division 380 miles 
for the years, 1893 1897, averaged but 217 per mile per year, while 
with the use untreated oak ties, renewal rate 350 per year would 
not excessive. Then the Southern Pacific Railroad 93% the ties 
treated years before were still service. The author has recently 
received from Mr. Kruttschnitt data bringing the records this road 
down July Table No. the percentages ties July 1st, 
1899, remaining track were: After years, years, 78%; 
years, years, years, etc. Table No. the average 
age ties removed from January, 1896, July, 1899, was years 
months, instead Table No. 10, the average life 
ties removed during the year ending July Ist, 1899, was years 
months for the Glidden District, and years months for the San 
Antonio District. This shows continued increase the average life 
ties removed. 

Such results cannot called experimental. 

Mr. Churton will re-read the paper, will find pages 217 and 
218 descriptions the three processes use 1885; that the word 
but once and then quotation; and that not ad- 
mitted that the amount chloride the Southern Pacific was too 
great, but, the author’s judgment, was less than desirable. 

The comparison the action wood fiber with that ofiron 
cotton. will have leave the chemists. excess iron 
the zine will most certainly injure the tie, and very small amount 
constitutes excess. Mr. Churton’s idea what constitutes 
sound timber when cut down, differs from all authorities known the 
author. The sap very essential element toa growing tree, blood 
living man; but the general impression that has thesame 
use for sap that mummy has for blood. Mr. Churton knows 
any treating works which have treated timber successfully without the 
use heat, would interesting know it. would probably 

Mr. Rowe’s remarks about surplusage chemicals are deserving 
consideration, particularly view his long experience pre- 
servative work. well remember, however, that there evi- 
dence that too much has been injected recent years this country, 
the detriment the timber; there good evidence that does 
gradually leach out; and the presumption that the only undesirable 
result, any, heavy injection, the extra cost the treatment. 

dry chloride per cubic foot timber, when such absorption can 
obtained. The author takes the same position regard the zinc- 
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tannin process, compared with Burnettizing, proper. The additional Mr. Curtis. 
cost the glue and tannin justified view the probable addi- 
tional life the ties. will time abandon when the Southern 
Pacific Railroad has demonstrated that can get long life from its 
Burnettized ties Oregon and Northern California others get 
the zinc-tannin process similar climates; when some superior 
treatment offered. 

Replying Mr. Eayrs, insufficient data was obtainable cover 
bridge ties and timbers. far the author knows, works, except 
those the Atchison, Topeka and Santa Railroad Las Vegas, 
are treating such material with chloride. Mr. Noyes writes that 
treating all their piling and bridge timbers, excepting the 
stringers, which are Oregon fir, and very durable their natural con- 
dition, the piling being used both wet and dry situations. The re- 
sults are reported satisfactory. There idea prevalent the minds 
some who are familiar with the treatment that not adapted 
timber which exposed, are bridge ties. supposed that the 
may more readily washed out under these conditions; but evidence 
support the theory produced; and, the author’s judgment, 
based fallacy. far the moisture concerned, believes that 
less damage will done bridge ties than track ties. would not 
advise the use Burnettized timber for stringers but believes well 
adapted for use other parts viaducts bridge floors. Its value 
for piles exposed water streams remains demonstrated. 

Mr. Eayrs error the expense dapping and boring ties. 
connection with treatment, the ties can have the rail seat dressed and 
the spike holes bored for about cents per tie. This would, undoubt- 
edly, add materially the life the ties, and something which will 
done future years, doubt. The works Las Vegas had dapping 
machine service some years ago, but its use was discontinued, appar- 
ently, because was considered unwise too progressive. 

Painting bridge ties will undoubtedly increase their life, provided 
the timber thoroughly dry when painted. Otherwise would seem 
inimical rather than beneficial. the ties have been left too long un- 
painted seems doubtful its advantage. the injection chemi- 
cals entirely throughout stick unable prevent its destruction 
decay has begun, what the probable chance doing the appli- 
cation two three coats paint toitssurface? would danger- 
ous draw any general conclusions the effect paint ties from 
the success with the long-leaf yellow pine St. Louis. Poorer differ- 
ent woods would probably show very much less satisfactory results. 

Mr. Selby has worked out very convenient and complete table 
the relative costs various ties. Where first-class oak ties can 
purchased for only about cents more than necessary pay for 
tie suitable for treatment, there inducement adopt the latter, 
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Mr. Curtis unless very short life being realized from the oaks, the 


Atchison, Topeka and Santa Railroad, where the climatic condi- 
tions are such justify the very cheap work the Southern 
Pacific. The author depends more the advancing prices the oak 
and cedar ties than economies demonstrated means calcula- 
tions compound-interest costs, create demand for treatment 
works; not because the latter are necessarily deceptive, but out 
deference the conservatism officials. 

The author desires make but one criticism Mr. Chanute’s dis- 
cussion, and that is, reference the use tamarack. Mr. Chanute 
found impossible get uniform absorption the chemicals with 
this material with hemlock. course, the object treatment 
not, primarily, furnish market for the product the country, 
but increase the average life all the ties treated. Before the use 
treated tamarack ties condemned, desirable show that the 
average life secured not satisfactory. This has not been done, and, 
present, cannot done; fact, the evidence rather the contrary. 
Mr. Chanute being the owner and operator private works, naturally 
desires treat those timbers which will take the treatment readily, 
and does not feel called upon risk his reputation demonstrate that 
even refractory material will give good average results. The author 
believes that tamarack can treated satisfactorily and profitably. 

Since this paper was presented the Society three our large 
railroads have started the construction treating works. The 
Chicago, Burlington and Quincy Railroad has two-cylinder plant 
under construction the Black Hills South Dakota; the Great 
Northern Railroad three-cylinder plant, and the Mexican Central 
Railroad three-cylinder plant Mexico. Mr. Robinson, presi- 
dent the Mexican Central Railroad, was the General Manager and 
Chief Engineer the Atchison, Topeka and Santa Railroad when 
the Las Vegas plant was built 1885, and was due him that the 
road adopted the treatment. The construction the proposed plant 
Mexico the best evidence his satisfaction with the treatment. 
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MEMOIRS DECEASED MEMBERS. 


will hereafter reproduced the Volumes Transactions. Any 
information which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


POMEROY DICKINSON, Am. Soe. 


Diep 1895. 


Pomeroy Dickinson was born Rochester, Y., March 15th, 
1827, his father, Patrick Peebles descendant the 
Colonial Dickinsons, Massachusetts—having removed that city 
from Amherst, Mass., the year 1814. 

His education was derived from the schools the period, and 
finished the Rochester University, under Dr. Dewey, 1843. His 
tastes led him adopt the profession engineering, his first experi- 
ence having been gained 1845, the Newburg Branch the New 
York and Erie Railway. diligent student, persistent and conscien- 
tious worker, rapidly rose through the various grades, reaching 
early age position which marked him leader his chosen 
profession. held many positions honor and trust, among them 
being that Chief Engineer the following enterprises: Eagleton 
Coal and Railroad Company, Pennsylvania; Poughkeepsie and East- 
ern Railroad; Columbia County Iron Company; Poughkeepsie Bridge 
Company; Northern Central Railroad (from Baltimore Sunbury, 
Pa.); New York and Richmond Coal and Railroad Company, Vir- 
ginia, and New York and Long Island Railroad Company. was 
also interested the construction the main line between Port 
Jervis and Dunkirk; the distributing reservoir for Poughkeepsie 
City; the Pontiac Branch Railroad, Rhode Island; the Atlantic 
aud Richmond Air Line Railroad; the Savannah and Memphis Rail- 
road, Alabama; the Elberton Air Line Railroad Georgia; the 
Cincinnati and Railroad, Kentucky, and many other promi- 
nent roads. 

prepared plans and estimates the cost the 
New York Arcade Railroad, which were examined engineers 
French and German capitalists, sent this country for this special 
purpose; the plans and estimates were fully approved this com- 
mission, and the money needed for the first miles the Arcade road 
(under Broadway from the Battery Fifty-ninth Street, with branch 
from Twenty-third Street under Madison Avenue Forty-second 
Street Depot) was contracted furnished; two-thirds the cost, 
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which was estimated was furnished French and 
German capital, and one-third American capital. These contracts 
depended upon the decision the Court Appeals New York 
State, the constitutionality the charter. The declaring the 
charter the Court unconstitutional, defeated the early beginning 
what would have resulted, certainly before this time, completed 
underground rapid transit from the Battery the Harlem River. 

Mr. Dickinson’s prominence was not confined business profes- 
sional circles; his social and benevolent relations were extended and 
widely diffused. devout member the Episcopal Church, led 
sincere Christian life. was senior warden St. Ann’s Protestant 
Episcopal Church, delegate the Diocese New York the Epis- 
copal Convention, trustee and treasurer the Endowment Society 
St. Ann’s Church, vice-president and trustee the Church Mission 
Deaf Mutes, Chairman the Executive Committee the Board 
Trustees the Gallaudet Home for Infirm and Aged Deaf Mutes, 
and one the Board Managers the Protestant Episcopal City 
Mission Society. was also member the Colonial Club. 

man was beloved all who knew him—of disposition 
genial and hearty, yet withal modest and retiring. the young men 
his profession manifested the deepest interest, extending all 
times kindly encouragement, and, when necessary, helping hand. 
recognized the fullest degree, the brotherhood mankind, the 
breadth his sympathies being attested his regular Sunday visits 
the ‘‘Tombs,” where read and talked the inmates, putting 
hope into the heart many unfortunate, who to-day blesses his 
memory. 

His life was based upon high ideals, which conscien- 
tiously lived. His mind was cast analytic mould, and whether 
the solution professional problems the pursuit abstract 
knowledge, the love truth was the incentive research. was 
one Nature’s Noblemen,” and the world better for his having 
lived. 


1853, Mr. Dickinson married Miss Charlotte Kirby, who sur- 
vives him. 
Mr. Dickinson was elected Member the American Society 
Civil Engineers, January 17th, 1872. 
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HORACE HARDING, Am. E.* 


Diep 1899. 


Horace Harding was born Boston, Mass., May 27th, 1828. 
was graduated from Harvard University July, 1848, and 
once began the practice his chosen profession. His first work was 
elaborate survey Springfield Cemetery, after completing which 
joined party engineers under Captain John Childe, Spring- 
field, and went South take part the surveys for the Mobile and 
Ohio Railroad Alabama and Mississippi. remained with this 
company until 1854, and then became Chief Engineer the Indian- 
apolis and Toledo Railroad, Ohio. returned the engineer 
corps the Mobile and Ohio Railroad 1856, and the following 
year went Missouri, where combined the real estate business 
with professional work. returned Alabama 1858, and joined 
the engineer corps the North-East and South-West Alabama 
Railroad. 

Mr. Harding married, May 1859, Miss Eliza Gould, 
daughter William Gould, prominent planter Greene County, 
Ala. remained with the North-East and South-West Alabama 
Railroad until suspended work, the latter part 1860, when 
went Mobile and built one more street railroads that city. 

the outbreak the civil war Mr. Harding enlisted the 20th 
Alabama Regiment. April, 1862, was detailed the Con- 
federate Government Superintendent Road Repairs the 
Mobile and Ohio Railroad. remained that capacity until 
and became General Superintendent the Alabama and Chatta- 
nooga (now Railroad 1872. 

June, 1874, Mr. Harding entered the Government service 
United States Assistant Engineer the Improvement the Warrior 
River, Ala., and remained charge this important work for 

wenty-two years, until May, 1896, when resigned his position and 

retired from active life, thus closing long and busy professional 
about which the least that can said well done, thou 
good and faithful During the last years his engineering 
work designed and built the Warrior River, Tuscaloosa, Ala., 
cost over half million dollars, three handsome masonry 
locks and dams, which will stand enduring monument his 
professional ability. 

spent the years his life Birmingham, Ala., and 
died typhoid fever after short illness, while visit relatives 
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Grand Rapids, Mich. leaves two sons, William Harding 
and Captain Chester Harding, Corps Engineers, 

Mr. Harding was son Chester Harding, noted artist 
Boston, who painted many famous portraits both here and abroad 
during the first half this century. 

Mr. Harding was man qualities mind and heart, and 
enjoyed the confidence and esteem all who knew him. able 
engineer, talented inventor, versatile writer; upright, generous 
and gentle fault; lived and died without selfish thought, and 
with charity broad the Universe. Were there more like him 
the world would better off. 

Mr. Harding was elected Member the American Society 
Civil Engineers, November 2d, 1892. 
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